WHAT IS CLAIMED IS: 

1. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least one portion of the 
formation; 

allowing the heat to transfer from the/bne or more heat sources to a selected 
section of the formation; 

controlling the heat from the one 6r more heat sources such that an average 
temperature within at least a maj^p^c^the setected section of the formation is less than 
about 375 °C; and 

producing a mixture from the formation. 

2. The method of/claim 1, whei4in the one o/ mori heat sources comprise at least two 
heat sources, and wherein superposition of^teat from at least the two heat sources 
pyrolyzes at least some hydro/carbons within the selected section of the formation. 

3. The method of claim V, whjgfein controlling formation conditions comprises 
maintaining a tempermxirSwithin the selected section within a pyrolysis temperature 



4. The method of ^laim 1, wherein the one or more heat sources comprise electrical 
heaters. 

5. The methogof claim 1, wherein the one or more heat sources comprise surface 
burners. 

6. The iWhod of claim 1, wherein the one or more heat sources comprise flameless 
distributee! combustors. 



7. The/ method of claim 1, wherein the one or more heat sources comprise natural 
distributed combustors. 
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8. The method of claim 1, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
. controlled as a function of temperature, or the temperature js controlled as a function of 
pressure. 



10 



£3 

. Ft 



9. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation w/lh a valve coupled to at least one of 
the one or more heat sources. 

10. The method of claim 1 , furtja^r comprising controlling a pressure within at least a 
majority of the selected section of the formation ^vith a valve coupled to a production 
well located in the formation. 
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15 11. The method of cl/im 1, furtljer conjffrising controlling the heat such that an average 
heating rate of the selected section i^less than about I °C per day during pyrolysis. 

12. The method of cWm J^wherein providir g heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a sel^ted volume (V) of the l^drocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity(CV). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation;yand 

wherein heating energy/day provided to the volume is equal to or less than Pwr T 
25 wherein Pyr is calculated by the equation: 
pfvr = h*V*C v *p B 

/herein Pwr is the heating energy/day, h is an average heating rate of the 
forma(tion ; p 3 is formation bulk density, and wherein the heating rate is less than about 10 

3 C/iay. 
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13. The method of claim 1, wherein allowing the hea/ to transfer from the one or more 
heat sources to the selected section comprises transferring heat substantially by 
conduction. / 



14. The method of claim 1, wherein providing Meat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater thaiy about 0.5 W/(m °C). 

15. The method of claim L wherein the produced mixturejcomprises condensable 
hydrocarbons having an API gravitv^cfr at least about 25 c 



16. The method of claim 1, Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 /% by weight \p q|b° ut 15 % by weight of the 
condensable hydrocarbons are olefins. 

17. The method of/claim 1, wherein the produced mixkure comprises non-condensable 



hydrocarbons, and wherein a molar raticy5f ethene to 
hydrocarbons ranges from about 0.00/f to about 0.15. 



tthane in the non-condensable 



18. The method of cteifn^-fvwierein the produced mixture comprises non-condensable 
hydrocarbons, and whereiiVabout 0.1 % by weight to about 15 %£yweight of the non- 
condensable hydrocarbons are olefins. 

19. The method of claim L wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



20. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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21. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

22. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about y % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

23. The method of claim 1, wherptffthe produced mixture comprises condensable 
hydrocarbons, and wherein^greater thai/ about 20 % by weight of the condensable 
hydrocarbons are aromafic compounc 

24. The method of tflaim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and [wherein less man about 5r% by weight of the condensable 
hydrocarbons comprises multi-^fng aropmtics with more than two rings. 

25. The method of clainHr^fierein the produced rrlixture comprises condensable 
hydrocarbons, and wherein/less than about 0.3 % by N^eight of the condensable 
hydrocarbons are asphaltenes. 



26. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



27. The method/of claim 1, wherein the produced mixture comprises a non-condensable 
component, v\yherein the non-condensable component comprises hydrogen, and wherein 
the hydrogeX is greater than about 10 % by volume of the non-condensable component 
and wherein the hydrogen is less than about 80 % by volume of the non-condensable 
component. 
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28. The method of claim 1, wherein the produced Anixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of me produced mixture is ammonia. 



29. The method of claim 1, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

30. The method of claim 1 , furthepe^mprfsing controlling a pressure within at least a 
majority of the selected secU0n of the fo/mation, ^vherein the controlled pressure is at 
least about 2.0 bar absolme. 



3 1 . The method of claim 1, further comprising controlling formation conditions such that 
the produced nature comprises aj&artiaj/jressure of H2 within the mixture greater than 
about 0.5 bar./ 



32. The me 
mixture is 



it 



hod of claim 3 1 , v/he/t'm the 
a production wi 



Dartial pressure of H2 is measured when the 



33. The method of clainr wherein controlling formation conditions comprises 
recirculating a^aosritm oy hydrogen from the mixture4nte-tfie formation. 



34. The method of claim 1, further comprising altering a pressure within the formation to 
inhibit production oyhydrocarbons from the formation having carbon numbers greater 
than about 25. 



35. The method of claim 1, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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36. The method of claim 1, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

37. The method of claim 1 ? wherein allowingahe heat to transfer comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

38. The method of claim 1, whereip^att5)frmg the heat to transfer comprises substantially 
uniformly increasing a permeability of A majority of the selected section. 

39. The method of cjaim 1, further composing controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 



40. The method of claim 1, wherein producing the mixture comprises producing the 
mixture in 4 production well, afhd wherein at least about 7 heat sources are disposed in the 
formation for each productio/ we 

41. The method of claim jA/rurther comprising providing heat from three or more heat 
sources to aKteast a pppf^n of the formation, wherein three or more of the heat sources 
are located in the formation in a unit ol^heat sources, and wherein the unit of heat sources 
comprises a triangulay pattern. 



42. The method of claim 1. further comprising providing heat from three or more heat 
sources to at least A portion of the formation, wherein three or more of the heat sources 
are located in the/ formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 



43. The memod of claim 1, further comprising separating the produced mixture into a gas 
stream ancya liquid stream. 
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44. The method of claim 1, further comprising separating the produced mixture into a gas 
stream and a liquid stream and separating the liquid stream inp6 an aqueous stream and a 
non-aqueous stream. 

45. The method of claim I, wherein the produced mixture comprises H2S, the method 
further comprising separating a portion of the H2S frpm non-condensable hydrocarbons. 

46. The method of claim 1 ? wherein the produce^ mixture comprises CO2, the method 
further comprising separating a portionpfffie C0 2 from non-condensable hydrocarbons. 

47. The method of claim 1, wfierein the mixture is producer from a production well, 
wherein the heating is cojtfrolled such th^tt the mixture canyb^/produced from the 
formation as a vapor. 



48. The method of 
method further 
condensation of thd 



aim 1. wherein/the mixture is prcfauced from a production well, the 
comprising heating a wellbore of*ne production well to inhibit 
mixture witMin the wellberc. 



49. The method of claifri^\^ii£]^tffthe mixture is producedsfrom a production well, 
wherein a wellbore of the t/roduction well comprises a heater el&meiiL£onfigured to heat 
the formation adjacent to/the wellbore, and further comprising heating the formation with 
the heater element to produce the mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component and H2. 

50. The method oy claim 1, wherein the minimum pyrolysis temperature is about 270 °C. 



51. The methoa of claim 1, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 
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52. The method of claim 1, further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measured at a wellhead 
of a production well, to control an amount of condensable hydrocarbons within the 
produced mixture, wherein the pressure is reduced to increase production of condensable 
hydrocarbons, and wherein the pressure is increased to increase production of non- 
condensable hydrocarbons. 



53. The method of claim 1. further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about /TOO bar, as measured at a wellhead 
of a production well, to control an API gravity ofcpaefensable Hydrocarbons within the 



produced mixture, wherein the pressure is^cmced to decrease th< 
wherein the pressure is increased to^duce the API gravity. 



API gravity, and 



/ 



54. A method of treating a hj/drocarbon comaining formation/in situ, comprising: 

providing heat frojn one or more l^eat sources to ^cl^ast a portion of the 
formation; 

allowing the he&t to transfer fifom at least th& portidi 



n to a selected section of the 



by conduction of heat; 
ast some hvdrocarbotfs within the se 



formation substantially 

pyrolyzing at 
formation; and 

producing a mixturH^mrtfie formation 



ected section of the 



55. The method of claim M, wherein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

56. The method <?f claim 54, wherein the one or more heat sources comprise electrical 
heaters. 



57. The rrjethod of claim 54, wherein the one or more heat sources comprise surface 
burners/ 
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58. The method of claim 54, wherein the one or more heat sources (jomprise flameless 
distributed combustors. 

59. The method of claim 54. wherein the one or more heat so/rces comprise natural 
distributed combustors. 
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60. The method of claim 54, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the teg^ratyre is controlled as a function of 
pressure. 



15 



ru 

n 



20 



25 



61. The method of claim 54/further comprising controlling the heat such that an average 
heating rate of the selecj^d section is les/than about yft 0 C per day during pyrolysis. 

62. The method of/laim 54, whereiia providing heat from the one or more heat sources to 



at least the portio 
heating a 
one or more heat 



of formation comprises: 
selected volum£ (V) of t}*e hydrocarbon containing formation from the 
sources, wherein thp^formation has an average heat capacity (C v ) ? and 
wherein the heating^rolyz^s afleast some hydrocarbons within the selected volume of 
the formation; and 

wherein heatingy6nergy/day provided to the 
wherein Pwr is calculated by the equation: 
Pwr = h*V*L v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p# is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 




is equal to or less than Pwr, 



63. The method of claim 54, wherein providing heat from the one or more heat sources 
30 comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to^ooajt 15 % by weight of the 
condensable hydrocarbons are olefins. 

66. The method of claim 54, wherein/trie produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of ethene to etfyane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 



67. The method of claim 54, wherein the producecr mixture comprises condensable 
hydrocarbons, and wherep less than about 1 °/<yoy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



68. The method of claim^4, where jii^fie produced mixture comprises condensable 
hydrocarbons, and whereinless-tf^n about 1 % by weight, whencalculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



69. The method of claim 54, ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hvdrocarbons is sulfur. 



70. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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71. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight <z>f the condensable 
hydrocarbons are aromatic compounds. / 



72. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weignt of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

73. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3J^H5yweight ^f the condensable 
hydrocarbons are asphaltenes. 

74. The method of claim 54, wjj^rein the produced mixtme comprises condensable 
hydrocarbons, and wherein afbout 5 % by height to a^DUt 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

75. The method of clai/n 54, wherein/the produced riixture comprises a non-condensable 
component, wherein the non-condensabl/component comprises hydrogen, wherein the 
hydrogen is greater thajn about 10y% by volume of the non-condensable component, and 
wherein the hydrogen isdess thaj>4bout 80 % by volume of the non-condensable 
component. 

76. The method of claim 54/wherein the produced mixture comprises ammonia, and 
wherein greater than abouyO.05 % by weight of the produced mixture is ammonia. 

77. The method of claim 54, wherein the produced mixture comprises ammonia, and 
wherein the ammonia/is used to produce fertilizer. 




78. The method of/claim 54, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0Aar absolute. 
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79. The method of claim 54, further comprising controlling formation/conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a tzfartial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

80. The method of claim 79, wherein the partial pressure of U 2 is measured when the 
mixture is at a production well. / 

81. The method of claim 54, further comprising altering a pressure within the formation 
to inhibit production of hydrocarbons from the formation having carbon numbers greater 
than about 25. J^~*^~ \ 

82. The method of claim 54, whereij^ontrollmg formation conditions comprises 
recirculating a portion of hydrogen from the/mixture into the/fprmation. 

83. The method of claim 54{ further comprising: / \ 

providing hydrogen (Fb) to the/neated section to hydlrogenate hydrocarbons 
within the section; and / / X I 

heating a portionlof the section with heat from hydrogenation. 

84. The method of claim 54, wnerein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

85. The method of claim 54, wherein allowing the heat to transfer comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

86. The method4f claim 54, wherein allowing the heat to transfer comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 
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87. The method of claim 54, further comprising controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured J5y the Fischer Assay. 

88. The method of claim 54, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 14eat sources are disposed in the 
formation for each production well. 
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89. The method of claim 54, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or mpce of the heat sources 
are located in the formation in a uniVof heat soj/rces, and whe^reija the unit of heat sources 
comprises a triangular pattern. 

90. The method of claim 54, fiirther comprising provjxfing heal from three or more heat 
sources to at least a portion of the forn}ation, whej^in three orfmore of the heat sources 
are located in the formation iik a unity6f heat screes, wherein the unit of heat sources 
comprises a triangular pattem\^andywherein a plurality of the unit^re^rege^tetl over an 
area of the formation to form a mpetitive pattern of units. 

91. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat fronyone or more heat sources to at least a portion of the 
formation; 

allowing the he^t to transfer from the one or more heat sources to a selected 
section of the formation; and 

heating the ^selected section such that a thermal conductivity of at least a portion 
of the selected section is greater than about 0.5 W/(m °C). 



92. The metfcfod of claim 91, wherein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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93. The method of claim 91, wherein controlling formation 
maintaining a temperature within the selected section withi^ 
range. / 



conditions comprises 
a pyrolysis temperature 



94. The method of claim 91, wherein the one or ; 
heaters. 



leat sources comprise electrical 



95. The method of claim 91, whe^in the one o/ more Jifeat sources comprise surface 
burners. 



96. The method of clairr/91, wherein the/one oj/rpore heat sources comprise flameless 
distributed combustors. 



97. The method of <^laim 91 , where^fi th^ one o: 
distributed combusltors 



more heat sources comprise natural 



98. The method of d(aim 9J^fi/nher comprising Controlling a pressure and a temperature 
within at least a majority of the selected section oV the formation, wherein the pressure is 
controlled as a function of j/emperature. or the tempefrature is controlled as a function of 
pressure. 



99. The method of claim 91, further comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1 °C per day during pyrolysis. 



100. The method of claim 91, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heatingya selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the seating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwt\ 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein £ne heating rate is less than about 10 
°C/day. 

101. The method of claim 9 1 , wherein^aHo w^g the heat to transfer comprises 
transferring heat substantially by coirauction.y 

102. The method of claipl ?1, wherein the produce/ mixture comprises condensable 
hydrocarbons having ar^API gravity of aft least about 25°. 

103. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, arid wherein about Cm % byweijght to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

104. The method of claim 91 , Wherein the produced mixture comprises non- 
condensable hydrocarbons, aria wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons/ranges from about 0.001 tb^ibout 0.15. 

1 05. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

106. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, aftd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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107. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wheji calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 108. The method of claim 91, wherein the produced rafixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about jO % by weight of the condensable 
hydrocarbons comprise oxygen containing compou^ras, and wherein the oxygen 
containing compounds comprise phenols. 

10 109. The method of claim 91, wheraffthe produced mixture comprises condensable 
hydrocarbons, and wherein greater :han aboj/t 20 % l^y weight of the condensable 
hydrocarbons are aromatic compounds. 
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110. The method of claim 91, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 Pomy weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

111. The method of claim 91 s ywheran the produced mixture comprises condensable 



hydrocarbons a: 



hydrocarbons, c nd wherein less' than about 0. 



asphaltenes/ 



% by weight of the condensable 
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112. The method of claim 91, wherein the produc^jnixtuje- comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

113. The method of claim 9 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable /omponent. 
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1 14. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

115. The method of claim 91, wherein the produced mixture comprises ammonia, and 
5 wherein the ammonia is used to produce fertilizer. 

1 16. The method of claim 91, further comprising controlling a pressure within at least 
a majority of the selected section of the formatiojj^ferein the\controlled pressure is at 
least about 2.0 bar absolute. 



10 



1 17. The method of claim 91, fwrtner compri/ing controlling formation conditions to 
produce a mixture of condensable hydrocarbons and 1^, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 pax. 
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118. The method of claim 1 1 7, where/n the gartiaf pressure of H 2 is measured when the 
mixture is at a production well 

1 19. The method of c aim 91, fufthej/comprising altering a pressure within the 
formation to inhibit prod\^cti^oJ^jl^drocarbons from th^ formation having-tarbon 
numbers greater than about 25. > 



120. The method of claim 91, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



25 121. The method of /laim 9 1 , further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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122. The method of claim 91, wherein the produced mixture cc/mprises hydrogen and 
condensable hydrocarbons, the method further comprising hydirogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

123. The method of claim 91, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected s/ction to greater than about 100 
millidarcy. 



10 



1 24. The method of claim 9 1 , wherein allowing /he heat to transfer comprises 
substantially uniformly increasing a permeability of a majonw of the selected section. 
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125. The method of claim 9a, further comprising controlling the heat to yield greater 
than about 60 % by weigh^f condensable ^ydrocarbo/s, as measured by the Fischer 

Assay. 

126. The method m claim 91, wherem producing me mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 



formation for each 



oroduction well. , 



127. The method of claim 9 1 , farther comprising providing heat from three or more 
heat sources to at least a portion ojfrhe formation, wherein three or more of the heat 
sources are located in me4orrt?ation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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128. The method of cla/m 91, further comprising providing heat from three or more 
heat sources to at least apportion of the formation, wherein three or more of the heat 
sources are located in tne formation in a unit of heat sources, wherein the unit of heat 
sources comprises a tnangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

129. A method of treating a hydrocarbon containing formation in situ, comprising: 



292 



Conley. Rose & Tavon, P.C. 




10 



providing heat from one or more heat source^ to at least a portion of the 
formation; 

allowing the heat to transfer from the oney6r more heat sources to a selected 
section of the formation; 

controlling the heat from the one or mofre heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 370 °C such that production of a subs/anti^Laroount of hydrocarbons having carbon 
numbers greater than 25 is inhibited; 

controlling a pressure witWn'at le&st a majority of the selected section of the 
formation, wherein the controlled pressure is at Least 2.0 bar; and 

producing a mixture from the formations wherein about 0. 1 % by weight of the 
produced mixture to alx>ut 15 % by weight ofpe produced mixture are olefins, and 
wherein an average carbon number of the produced mixture ranges from 1-25. 



15 



f=!i 



20 



130. The mfethod of claim 129/wherei 
two heat sources, and wherein superpos 
pyrolyzesyat least some hydrocarbons within 



e one or more heat sources comprise at least 
of heat from at least the two heat sources 
the selected section of the formation. 



maintain 
range. 



131. The method of claim/129, wherein controlling foirnatioiixxmditions comprises 



ng a temperature withiir the selected sectufr 



a pyrolysis temperature 



25 



132. The metHod^of (jlaim 129, wherein the one or more heat sources comprise 
electrical heaters. 

133. The method/)f claim 129, wherein the one or more heat sources comprise surface 
burners. 

134. The method of claim 129, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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135. The method of claim 129, wherein the one or more /heat sources comprise natural 
distributed combustors. / 



136. The method of claim 129, further comprising controlling a pressure and a 
temperature within at least a majority of the selected Section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



137. The method of claim 129, further cpirfpj/ising controlling the heat such that an 
average heating rate of the selected section is /ess than about 1 °C per day during 
pyrolysis. 

138. The method of claim 129, whereir/ providingy^eat from the one or more heat 
sources to at least the^ portion of formation compr 

heating a selected volume (V) of the hydroakrbon containing formation from the 
one or more heat /ources, wherein th£ formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at le^st sorj/e hydrocarbons within the selected volume of 
the formation; ^id 

heating energy/d^y^rovided to tljie volume is equal to or less than Pwr, 
:alculated by tfyp'equation: 
Pwr = hV^C v *p B 

wherein Pwr is the heating energy/day, h is ah s averag£jieating rate of the 
formation. p B is formation pulk density, and wherein the heating rate is less than about 10 
°C/dav. 



wherein 
wherein Pwr is 



139. The method ofyclaim 129, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



140. The method of claim 129, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of tha selected section is greater than about 0.5 W/(m °C). 
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141. The method of claim 129, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to ^bout 15 % by weight of the 
condensable hydrocarbons are olefins. 

142. The method of claim 129, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a mola]/ ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aboj^OOl ft) about 0.15. 



10 



m 



15 



20 



143. The method of claim 129fwherein the produced mixture comprises condensable 
hydrocarbons, and wherejfffess than abouf 1 % by^veight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrot 



144. The method of claim 129, wherein the p 



hydrocarbons, 



id wherein less than/about 1 % 



•oduced mixture comprises condensable 
by weight, when calculated on an atomic 



basis, of the condensable hydrocarbons is oxygen. 

145. The memod of claiin>2y, wherein the produced mixture comprises condensable 
hydrocarbons, anctvtfierein les/than about 1 % by^eight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



25 



146. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, wherein a/oout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons compris/ oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



147. The methofl of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons /re aromatic compounds. 
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148. The method of claim 129, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

149. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 °/f> by weight of the condensable 
hydrocarbons are asphaltenes. 

1 50. The method of claim 129^<vherein tj/fe produce*? mixture comprises condensable 
hydrocarbons, and wherein ajzfout 5 % by weight to ^pout 30 % by weight of the 
condensable hydrocarbon^ are cycloalkanes. 

151. The method of claim 129, wherein the^roduced mixture comprises a non- 
condensable component, wherein thepon-condensable component comprises hydrogen, 



wherein the hydrogen is greater thaii about 1 
component, and \yherein the hydn/g^n is less 
condensable component 



J % by volume of the non-condensable 
than about 80 % by volume of the non- 



1 52. The method oTctaim L29, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0/05 % by weight of the^^uced^rfixture is ammonia. 

153. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is Ased to produce fertilizer. 

154. The method oyclaim 129, further comprising controlling formation conditions to 
produce a mixture oycondensable hydrocarbons and H2, wherein a partial pressure of FT? 
within the mixture p greater than about 0.5 bar. 



155. The method of claim 154, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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156. The method of claim 129, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons /rom the formation having carbon 
numbers greater than about 25. 

157. The method of claim 129, further comprising: 
providing hydrogen (Fb) to the heatpd section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sectk^vfth heat from hydrog^nation. 

158. The method of claim 129, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the methoa further comprisifig hydrogenating a portion of the 
produced condensable hydrocarbons with at least/a portion of the produced hydrogen. 



159. The metnod of claim 129, Wherein allowing the heat to transfer comprises 



increasing a permeability of a majority o/the se 
millidarcy. 



ected section to greater than about 1 00 



160. The method of claim I2p( wherein allowiit^the heat to transfer comprises 
substantially uniformly inpeaafing a permeability of a^m^rity^ofjthe" selected section. 



161. The method of claim/129, further comprising controlling the heat to yield greater 
than about 60 % by weight pf condensable hydrocarbons, as measured by the Fischer 
Assay. 

162. The method of claim 129, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eacM production well. 



163. The methoa of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 



164. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation^ wherein three or more of the heat 
sources are located in the formation in a unit of neat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitpe patternW units. 

165. The method of claim 12S^urther comprising separa$ig the produced mixture 
into a gas stream and a liquifKstream. 

166. The method ofixlaim 129, further comprising separating the produced mixture 
into a gas stream ana a liquid stream ancy separating^ liquid stream into an aqueous 
stream and a non-aqueous stream. 



167. The meth<pd of claim 129, wherein >ne produced 
method further cc^nprising separating abortion of 
hvdrocarbons. 



mixture comprises H2S ; the 
he H2S from non-condensable 



168. The method of claim 129/wherein the produced mixture comprises CO2, the 
method further comprising sepa/ating a portion of the Cu^frorffnon-condensable 
hydrocarbons. 

169. The method of claim A29, wherein the mixture is produced from a production 
well, wherein the heating is/controlled such that the mixture can be produced from the 
formation as a vapor. 



1 70. The method of claim 129, wherein the mixture is produced from a production 
well, the method further/comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 
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171. The method of claim 1 29, wherein the mixture p produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wj/erein the produced mixture comprise a 
large non-condensable hydrocarbon gas component and H2. 

172. The method of claim 129, wherein iM minirnum pyrolysis temperature is about 



1 73. The method of claim^^, further comprising maintaining the pressure within the 
formation above about 2/0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. / / // 

1 74. The meth/d of claim 1297further compris/ng controlling pressure within the 
formation in a range from about/atmospheric Pressure to about 100 bar absolute, as 
measured at a wellhead of a production we)4 ; to control an amount of condensable fluids 
within the proc uced mixture/ wherein the pressure is reduced to increase production of 
condensable fluids, and wherein the pressure is increased to increase production of non- 
condensable fluids. / / 

1 75. The methodvofilahn 129, further comprisingxxmtrolling pressure within the 



formation in a range/from about atmospheric pressure to aBout 100 bar absolute, as 
measured at a wellnead of a production well, to control an API gravity of condensable 
fluids within the produced mixture, wherein the pressure is reduced to decrease the API 
gravity, and wherein the pressure is increased to reduce the API gravity. 

176. A moxhod of treating a hydrocarbon containing formation in situ, comprising: 

pro/iding heat from one or more heat sources to at least a portion of the 
formation; 



270 °C. 
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allowing the heat to transfer from the one oi/more heat sources to a selected 
section of the formation; 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; and 
5 producing a mixture from the formation. 

177. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to at least one of the one or more heat sources. 

10 178. The method of claim 1 76, whp^uT^ntr^iUng the pressure comprises controlling 
the pressure with a valve coufrted to/a production wfell located in the formation. 



o 
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179. The methoa of claim 176,/wherein the orm or more heat sources comprise at least 
two heat source/ and wherein superposition of neat from at least the two heat sources 
pyrolyzes at least some hydrocarbons withinr the selected section of the formation. 



180. The 
maintaining 
range. 



nethod of clainyl76, wherein con 
a temperature within the^ selected 



i rolling formation conditions comprises 
section within a pyrolysis temperature 




181. The methofoFjClaim 1 76, wherein the one^Qr more-heat sources comprise 
electrical heaters. 



1 82. The method/of claim 1 76, wherein the one or more heat sources comprise surface 
25 burners. 

1 83 . The method of claim 1 76, wherein the one or more heat sources comprise 
flameless distributed combustors. 

30 1 84. The /nethod of claim 1 76, wherein the one or more heat sources comprise natural 
distributed/combustors. 
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1 85. The method of claim 1 76, further comprising controlling a temperature within at 
least a majority of the selected section of the formation/wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

1 86. The method of claim 1 76, further comprising controlling the heat such that an 
average heating rate of the selected section is l^ss than about 1 °C per day during 
pyrolysis. 



o 
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1 87. The method of claim 1 76<^wherein providing heat frgm the one or more heat 
sources to at least the portion of formation comprises: 

heating a selectecrvolume (V) of me hydrocarborfgfontaining formation from the 
one or more heat sources, wherein the formation has ap4verage heat capacity (C v ). and 
15 wherein the heating flyrolyzes at least /ome hydroca^pons within the selected volume of 
the formation; and 

wherein heaiing energy/day Provided t^/the/volume is equal to or less than Pwr, 
wherein Pwr is calc ulated by the equation: 
p wr = h*V*C v *p B 

20 wherein Pwr r$ the heat/ng^fiergy/day, h i^an average heating rate of the 

formation, p B is formation bujk density, and whereiij the heating rate is less than about 10 

°C/day. 



25 



1 88. The method of clafim 1 76, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1 89. The method or claim 176, wherein providing heat from the one or more heat 
sources comprises Meating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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190. The method of claim 176, wherein the produced/mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

191. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weigfyt to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



10 



192. The method of claim 176, wherein the produced mixture comprises non- 
condensable hydrocarbons, and whereh^aTnjolar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges^from ab^ut 0.001 tb about 0.15. 



O 



hi 
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193. The method of claim 176, wherein the prodyced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bw weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

194. The metnod of claim 176, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

195. The metn^dof claim^76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lefes than about 1 % ffy weight, when^alculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



196. The method of claim 176, wherein the produced mixture comprises condensable 
25 hydrocarbons, wherein a/bout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



197. The methoa of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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198. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight/of the condensable 
hydrocarbons comprises multi-ring aromatics with mors than two rings. 



199. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % jzSy weight of the condensable 
hydrocarbons are asphaltenes. 

200. The method of claim 1 76, whereiMfip produced mixture comprises condensable 
hydrocarbons, and wherein about S^o by weight to about 30) % by weight of the 
condensable hydrocarbons are^ycloalkanes. 

201 . The method of claim 176, wherein the produc/d/mixture comprises a non- 
condensable component, wherein the non-condens^le component comprises hydrogen, 
wherein the hydrogen is greater tharyabout 10 °Af' by volume of the non-condensable 



component, and whetein the hydrogen is les/'than a 
condensable component. 



out 80 % by volume of the non- 



202. The method oisdaim I7p<wherein the produced mixture comprises ammonia, and 
wherein greater than about O.J05 % by weight of the produced mixture ^ammonia. 

203. The method of claifn 176, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



204. The method of claim 176, further comprising controlling formation conditions to 
produce a mixture oi condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture/is greater than about 0.5 bar. 



205. The method of claim 204, wherein the partial pressure of H2 is measured when the 
mixture is at a/production well. 
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206. The method of claim 176, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons froniyme formation having carbon 
numbers greater than about 25. 

207. The method of claim 176, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



C3 



15 



208. The method of claim 176, further comprising: 
providing hydrogen (H2) to the heapd^eetion to fi^lrogenate hydrocarbons 

within the section; and 

heating a portion of the sepffon With heat from hydrigenation. 

209. The method of claim 176, wherein the produces mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least apportion of the produced hydrogen. 



20 



210. The method 
increasing a permea 
millidarcy. 



of claim 176,/wherein allowing tpe heat to transfer comprises 
ility of a majority of tKe selectep section to greater than about 100 



211. The method of clainy 176, wherein allowing the^heat to transfer comprises 
substantially uniformly increasing a permeability of a majOTtijLGf the selected section. 

25 212. The method of claim 1 76, further comprising controlling the heat to yield greater 
than about 60 % by we/ght of condensable hydrocarbons, as measured by the Fischer 

Assay. 

213. The method/of claim 176, wherein producing the mixture from the formation 
30 comprises producing the mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 



504 



Conley, Rose & Tayon. P C. 



10 



15 



LU 



214. A method of treating a hydrocarbon containing^ formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one^or more heat sources to a selected 
section of the formation; and 

controlling a pressure within at least a/majority of the selected section of the 
formation, wherein the controlled pressure Ls at least about 2.0 bar absolute; 

controlling the heat from the oneaArTOTe-^at sources such that an average 
temperature within at least a majority of /he selected^ section of the formation is less than 
about 375 °C; and 

producing a mixtefre from the formation. 



215. The method 6f claim 214, wherein the 
two heat sources, and wherein superposition j 



pyrolyzes at least 



ome hydrocarbons withm the 



e or more heat sources comprise at least 

from at least the two heat sources 
selected section of the formation. 



fleat 



20 



216. The methold of claim 214, wKerein controlling formation conditions comprises 
maintaining a temperature wi^irf^the selected sectiorN*dtl^a^ temperature 
range. 



217. The method of cla^ 214, wherein the one or more heat sources comprise 
electrical heaters. 

25 218. The method of/laim 2 1 4, wherein the one or more heat sources comprise surface 
burners. 

219. The method of claim 214, wherein the one or more heat sources comprise 
flameless distributed combustors. 

30 
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220. The method of claim 214, wherein the one or more heat sources comprise natural 
distributed combustors. 

221. The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



222. The method of claim 214, further coipprising-Gontj^lling the heat such that an 
10 average heating rate of the selected se£ 
pyrolysis. 



As less than abou^ 1 °C per day during 



iu 
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20 
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provi 



223. The method of cfaim 214, wfterein 
sources to at least the portion of formation 
heating a ^elected volume (V) of th 
one or more he^t sources, wherein the 
wherein the heating pyroly^es at lea^fsome h 



ati 



g heat from the one or more heat 
ses: 

rocarbon containing formation from the 
n has an average heat capacity (C v ), and 
'drocarbons within the selected volume of 



the formation 



and 



wherain heatingf energy/day provided ta the volume is equal to or less than Pwr, 
wherein Pwr iVcalcuJaJedoy the equation: 
Pwr = h*VfC v *p B 

wherein ffwr is the heating energy/day, h is an average heating rate of the 
formation, p B i^ formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

224. Tlie method of claim 214, wherein allowing the heat to transfer comprises 
transfe/ring heat substantially by conduction. 



22/. The method of claim 214, wherein providing heat from the one or more heat 
30 sources comprises heating the selected section such that a thermal conductivity of at least 
/a portion of the selected section is greater than about 0.5 W/(m °C). 
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226. The method of claim 214, wherein the produced mixture cop?fprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

227. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to abouj/l5 % by weight of the 
condensable hydrocarbons are olefins. 

228. The method of claim 214, wherein the produ^eehmixture comprises non- 
condensable hydrocarbons, and wherein abou^(U/% by weight to about 15 % by weight 
of the non-condensable hydrocarbons ar^olefiW. 

229. The method of claim 2\% wherein tWe produced mixture comprises non- 
condensable hydrocarbons, and wherein a/molar rawo of ethene to ethane in the non- 
condensable hydrocarbons4anges from pbout O.Qyl to about 0.15. 

230. The method opclaim 214, wlflerein/tfie produced mixture comprises condensable 
hydrocarbons, and Wherein less tlran about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

23 1 . The method of claim/2 14 ? wherein th* produced mixture comprises condensable 



hvdrocarbons. and wherein less than about 



basis, of the condensable hydrocarbons is oxygigm 



bv weight, when calculated on an atomic 




232. The methodyof claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, anca wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



233. Th/ method of claim 214. wherein the produced mixture comprises condensable 
hydrocaroons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and where 
containing compounds comprise phenols. / 



the oxygen 



234. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

235. The method of claim 214, wherein the jjFo^uced mixture comprises condensable 
hydrocarbons, and wherein less than alxxlf 5 % Ky weidit of the condensable 
hydrocarbons comprises multi-ring^omaticsywith more than two rings. 

236. The method of clairav 14, whereir/the produced mixture comprises condensable 
hydrocarbons, and wheran less than abput 0.3 ^5 by weight of the condensable 
hydrocarbons are asp^altenes. 

237. The meth6d of claim 2 14,/vher^in thp produced mixture comprises condensable 
hydrocarbons, And wherein aboA 5% by wejight to about 30 % by weight of the 
condensable hydrocarbons aref cvcloalkanes 

238. The met^odof>™m 214, wherein theWoduced mixture comprises a non- 
condensable component wherein the non-condens^blecgrnp6nent comprises hydrogen, 
wherein the hydrogens greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

239. The rriethod of claim 214, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



240. /The method of claim 214, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 
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241. The method of claim 214, wherein controlling the heat further comprises 
controlling the heat such that coke production is inhibited. 

242. The method of claim 214, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and F^/vherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

243. The method of claim 242, wherein ths-pa^iaTpr^sure of H 2 is measured when the 
mixture is at a production well. 

244. The method of claim 214, further c^mpriskia^ltering the pressure within the 
formation to inhibit nroduction of hydrocarbon? fpom the formation having carbon 
numbers greater than about 25. 



245. The me 
recirculating a 



hod of claim 214, wherein controlling formation conditions comprises 
portion of hydpogernfrom the mixture into the formation. 



246. The method~ofclaim 214, furttter comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section wht^heat^om hydrogenation. 



247. The rriethod of claim 214, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced/condensable hydrocarbons with at least a portion of the produced hydrogen. 



248. / The method of claim 214, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
lillidarcv. 
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249. The method of claim 214, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

250. The method of claim 214, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as treasured by the Fischer 
Assay. 



25 1 . The method of claim 214, wherein producing 
the mixture in a production welL and whereiirlt least/about 7 hea 
the formation for each production wel 



^comprises producing 
sources are disposed in 



252. The method of claim 2 \f, further comprising providinj^neat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fonnation in a uni/ of heat soujc/s, and wherein the unit of heat 
sources comprises a triangular pattern. 

253. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of me^feffrnation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation^) form a repetitive pattern of units. 

254. A method of treatii/g a hydrocarbon containing formation in situ, comprising: 
providing heat frpm one or more heat sources to at least a portion of the 

formation; 

allowing the Jieat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture from the formation, wherein at least a portion of the mixture 
is produced dijring the pyrolysis and the mixture moves through the formation in a vapor 
phase; and 

maintaining a pressure within at least a majority of the selected section above 
about 2. (/bar absolute. 
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255. The method of claim 254, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the wo heat sources 
pyrolyzes at least some hydrocarbons within the selected section o£>ihe formation. 

5 / 

256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected sectipirlvkl^n a pyrqlysis temperature 
range. 

10 257. The method of claim 254/^herein the on^or mo/e he^t sources comprise 
electrical heaters. 



15 
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258. The method of 9iaim 254, wherejn the one/or p?K>re heat sources comprise surface 
burners. 



259. The method 
flameless distribute- 



of claim 254/ wherein/the <pne or more heat sources comprise 
combust/rs. 



260. The method of cl#im 254, wherein the 
distributed combustors^ 



one or more heat sources comprise natural 



261 . The method of claim 254, further composing controlling the pressure and a 
temperature witnin at least a majority of the seleked section of the formation, wherein 
the pressure is controlled as a function of temperatui^e, or the temperature is controlled as 
a function/of pressure. 



262./ The method of claim 254, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
iyrolysis. 
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263. The method of claim 254, wherein providing heat from the one o/more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing/formation from the 
one or more heat sources, wherein the formation has an average h^at capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons withy4 the selected volume of 
the formation; and 

wherein heating energy/day provided to the volum§/is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = /2*F*C v */)5 

wherein Pwr is the heating,efiergy/day, h is ah averaa^ heating rate of the 
formation, p B is formation bul^/aensity, and wherein the ykfimg rate is less than about 10 

°C/day. 



15 



m 
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264. The method ofrelaim 254, wherein jnlo>ving the/ieat to transfer comprises 
transferring heat substantially by conduct 

265. The method of claim 254, vmerein providing neat from the one or more heat 
sources comprises ns^tingjhe^elected section such that a thermal conductivity of at least 
a portion of the selected section/is greater than about 0.5 W/(m °C). 

266. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



267. The method pf claim 254, wherein the produced mixture comprises condensable 
25 hydrocarbons, and/wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 



268. The method of claim 254, wherein the produced mixture comprises non- 
condensabfe hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the ncm-condensable hydrocarbons are. olefins. 
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269. The method of claim 254, wherein the produced mixture/comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to abou/0.15. 

270. The method of claim 254, wherein the producecLraixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitreg£n7 

271 . The method of claim 25^kwherein the p/oducectanixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by w^ght, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

272. The methoa of claim 254, wherem th^produced mixture comprises condensable 
hydrocarbons, ana wherein less than about 1 % py weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulf 



273. The method of clahp^54( wherein the produced mixture comprises condensable 
hydrocarbons, wherein about y% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

274. The method of\claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

275. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbon/ and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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276. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the cond/nsable 
hydrocarbons are asphaltenes. 

277. The method of claim 254, wherein the produced mixture Comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 °//by weight of the 
condensable hydrocarbons are cycloalkanes. 

278. The method of claim 254, wherein the produced^mtxtui^omprises a non- 
condensable component, wherein the non-cond^able componenicomprises hydrogen, 
wherein the hydrogen is greater than abouHO % bVvolume ofmc non-condensable 
component, and wherein the hydrogens less tha^i about S^v/by volume of the non- 
condensable component. 



279. The method of claim 254, whereir/the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by w^igKt of the produced mixture is ammonia. 



280. The method of claim"254, wherein the produced 
wherein the ammonia is used to>produce fertilizer. \ 



mixture comprises ammonia, and 



28 1 . The method of claiiji 254, wherein the pressure is measured at a wellhead of a 
production well. 

282. The method claim 254, wherein the pressure is measured at a location within a 
wellbore of the production well. 



283. The rcjethod of claim 254, wherein the pressure is maintained below about 100 bar 
absolute. 
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284. The method of claim 254, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

285. The method of claim 284. wherein the partial pressmyof H2 is measured when the 
mixture is at a production well. 



286. The method of claim 254, further comprising irftering a pressure within the 
formation to inhibit production of hydrocarbons fr^mjhe-fern^ation having carbon 
numbers greater than about 25. 

287. The method of claim 25^<wherein controlling formanoy conditions comprises 
recirculating a portion of hydrogen from tfie mixture injo me formation. 



288. The method of/claim 254, fucftier comprising: , 
providing hydrogen (H2) teethe heate^sectioyi to hydrogenate hydrocarbons 

within the section;/and 

heating a portion of th^ sectiop^with heat f/om hydrogenation. 

289. The method of cla#i},2M, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further c Dmprising hydrogenating a portion of the 
produced condensabl/hydrocarbons with at leasjTa portion of the produced hydrogen. 

290. The meWd of claim 254, wherein allowing the heat to transfer comprises 
increasing a p^rrneability of a majority of the selected section to greater than about 100 
millidarcv. 



291. The method of claim 254, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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292. The method of claim 254, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 



293. The method of claim 254, wherein producing the mixtiire comprises producing 
the mixture in a production well, and wherein at least about/7 heat sources are disposed in 
the formation for each production well. 

294. The method of claim 254, further comprisin^woviding heat from three or more 
heat sources to at least a portion of the formation, wnerein three o/more of the heat 
sources are located in the formation in a yrfit of h/at sources, a^9 wherein the unit of heat 
sources comprises a triangular pattern/ 

295. The method of claim 254( further comprising providing heat from three or more 
heat sources to at least a portion of the formation, vvherein three or more of the heat 
sources are located in the formation in/a unit of/neat sources, wherein the unit of heat 
sources comprises a triangular pattern, and Wherein a plurality of the units are repeated 
over an area of the formationuo form appetitive pattern of units. 

296. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from pne or more heat sources to at least a portion of the 

formation; 

allowing the heatf' to transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining/a pressure within at least a majority of the selected section of the 
formation above 2.0 bar absolute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity higher than an API gravity of 
condensable hydrocarbons in a mixture producible from the formation at the same 
temperature and at atmospheric pressure. 
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297. The method of claim 296, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

298. The method of claim 296, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

299. The method of claim 296, wherein the one or>riior/ heat souses comprise 
electrical heaters. 



300. The method of claim 296, wher£m the one 9T more fflaX sources comprise surface 
burners. 



20 



25 



301 . The method of claim 296( wherein the/on^/or mc/re heat sources comprise 
flameless distributed combustors. 



302. The method of claim 29( 
distributed combustors. 



ein the one or more heat sources comprise natural 



303. The method of claim 296, rarther comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

304. The method of claim 296, further comprising controlling the heat such that an 
average heating rate of jne selected section is less than about 1 °C per day during 
pyrolysis. 



30 305. The method of claim 296, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average hear capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within me selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is/equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein mejieating rate is less than about 10 
°C/day. /J 

306. The method of claim 296, wherein allowing the heat to^ransfer comprises 
transferring heat substantially by/onduction/ / / 

307. The method of claim 296, wherem providing^neat firom the one or more heat 
sources comprises heating the selected/section s<ich that ^thermal conductivity of at least 
a portion of the selected section is gpater tkan about 0.5/WY(m °C). 

308. The method of claim~29^( wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25r. 

309. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

310. The method/of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to/ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.1/ 

312. The method of claim 296. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigty, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

313. The method of claim 296. wherein th^pffoddced mhdture comprises condensable 
hydrocarbons, and wherein less than aboift 1 % l/y weight, /^hen calculated on an atomic 
basis, of the condensable hydrocarbons is oxvgen. 



314. The method of claim 296, whereir/the producer mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/nydrocarboris is sulfiir. 

315. The method of /claim 296/wherrtn the produced mixture comprises condensable 
hydrocarbons, wherein about 5P/o by weight to abou| 30 % by weight of the condensable 
hydrocarbons comprisk^^g^ncontaining compound^, and wherein the oxygen 
containing compounds comprise phenols. 



316. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are ammatic compounds. 



3 1 7. The metllod of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons/and wherein less than about 5 % by weight of the condensable 
hydrocarboi/s comprises multi-ring aromatics with more than two rings. 
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318. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

3 1 9. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about ^Q^% py weight\f the 
condensable hydrocarbons are cycloalkanes. 



320. The method of claim 296, whereiivtne produced mixture comprises a non- 
condensable component, wherein the non-condensable componem comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of/fne non-condensable 
component, and wherein the hydrogen is less than abyout 80/% py volume of the non- 
condensable component. 



32 1 . The method of claim 296\ wherein the p^efduced mix 
wherein greater than about 0.05 °/ob^ weighf^f the produce^! 



ire comprises ammonia, and 
mixture is ammonia. 



322. The method of claim 296, wherein/the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce' fertilizer. 




323. The method of claim 296, further comprising controlling formation conditions to 
produce a mixture of condensableynydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

324. The method of claim/296, wherein the partial pressure of H2 is measured when the 
mixture is at a production/well. 



325. The method of claim 296, further comprising altering a pressure within the 
formation to inhibibproduction of hydrocarbons from the formation having carbon 
numbers greater man about 25. 
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326. The method of claim 296, wherein controlling formation conditio; 
recirculating a portion of hydrogen from the mixture into the formation/ 



comprises 



327. The method of claim 296, further comprising: 
providing hydrogen (H2) to the heated section to hydro^nate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydp6g£nation. 

328. The method of claim 296, wherein th^fffoducea mixture comprises hydrogen and 
condensable hydrocarbons, the method ftfrther comprising hydrogenating a portion of the 
produced condensable hydrocarbon^with at least/a portion ofaj/e produced hydrogen. 



329. The method of claim / z96, wherein allowing the heat 10 transfer comprises 
increasing a permeabilit)/of a majority of jfte selected section to greater than about 100 
millidarcy. 



at to transfer comprises 
Drity of the selected section. 



330. The method or claim 296, v/Uepem allowing the he 
substantially unifoirnl\^u^reasijig7a permeability of a maj 



331 . The method of claim 296, further comprising controlling the heat to yield greater 
than about 60 % by weight 9a condensable hydrocarbons, as measured by the Fischer 
Assay. 



332. The method oOclaim 296, w r herein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for rach production well. 



333. The method of claim 296, further comprising providing heat from three or more 
heat sourcesao at least a portion of the formation, wherein three or more of the heat 
sources ace located in the formation in a unit of heat sources, and wherein the unit of heat 
sources/comprises a triangular pattern. 
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334. The method of claim 296, further comprising providing heat/from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wnerein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



335. A method of treating a hydrocarbon containiru^ formation in situ, comprising: 

providing heat from one or more he^tsourc^s to at |/ast a portion of the 
formation; 

allowing the heat to transfejxfrom the o^e or ir^fre heat sources to a Selected 
section of the formation; 

maintaining a pressur^ within at le^st a i^aj^rity of the selected section of the 
formation to above 2.0 ban/absolute; anc 

producing a fluid/from the formation, wherein condensable hydrocarbons within 
the fluid comprise an ajromic hydrogen^ atomic carbon ratio of greater than about 1.75. 



336. The method on claim 33^; wherein the o 
two heat sources, and wl 



ae or more heat sources comprise at least 



20 



superposition of h^Urom at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



25 



337. The method of>claim 335, wherein controlling formation conditions comprises 
maintaining a tempe^ture within the selected section within a pyrolysis temperature 
range. 

338. The method of claim 335, wherein the one or more heat sources comprise 
electrical heaters. 



j39. The method of claim 335, wherein the one or more heat sources comprise surface 
burner 
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340. The method of claim 335, wherein the one or more heat sources emprise 
flameless distributed combustors. 

341. The method of claim 335, wherein the one or more heat soij/ces comprise natural 
distributed combustors. 



10 



342. The method of claim 335, further comprising controlling the pressure and a 
temperature within at least a majority of the selected sectkWof the formation, wherein 
the pressure is controlled as a function of temper^ttfre, yr the teipperature is controlled as 
a function of pressure. 



! J 3 
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343. The method of claim 335, ftnther comprising controlling the heat such that an 
average heating rate of the selected section is le/s thaj/^oout 1 °C per day during 
pyrolysis. 

344. The method of clai/n 335, whereii/pr^vidin^ heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volmne ij^foi the hydrocarbon containing formation from the 
one or more heat sources, wherein me formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at/east some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated joy the equation: 
Pwr = h*V*C v *pl 

wherein Pwr is/the heating energy/day, h is an average heating rate of the 
formation, p B is fonp&tion bulk density, and wherein the heating rate is less than about 10 

°C/day. 



345. The method of claim 335, wherein allowing the heat to transfer comprises 
transferringoieat substantially by conduction. 
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346. The method of claim 335, wherein providing heat from the one/or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °CY. 

347. The method of claim 335, wherein the produced mixtu/e comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



10 



348. The method of claim 335, wherein the producedjmxture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weigljMo apout 15 °/p by weight of the 
condensable hydrocarbons are olefins. 



349. The method of claim 335, wherein the produced fixture comprises non- 
condensable hydrocarbons, andywherein about/0.1 % py v^eight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



350. The method of claim 335, wherein the produced/mixture comprises non- 
condensable hydrocarbons, and wherein & molar ratio o(f ethene to ethane in the non- 
condensable hydrocarbons ranges fr^m about 0.001 to dbout 0.15. 

20 351. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight,V.hen calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

352. The method of claim 335, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wh/rein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

353. The metbiod of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons/and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the/condensable hydrocarbons is sulfur. 
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354. The method of claim 335, wherein the produced mixture comprises condensab)^ 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and \ynerein the oxygen 
containing compounds comprise phenols. 



355. The method of claim 335, wherein the produced^ mixture comprises condensable 



hydrocarbons, and wherein greater than about 20 % l/y wp 
hydrocarbons are aromatic compounds. 



'oft 



e condensable 



356. The method of claim 335, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein less thatfabout 5/% by weight/or the condensable 
hydrocarbons comprises multi-ring aromatlcs with move than two rings. 

357. The method of claim 335, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less thaiyabout 0/ % by weight of the condensable 
hydrocarbons are asphaltenes. 

358. The method ofctaim 3^5<wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to aqout 30 % by weight of the 
condensable hydrocarbons/are cycloalkanes. 

359. The method ofrelaim 335, wherein the produced mixture comprises a non- 
condensable compopnt, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and/wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



360. The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein/greater than about 0.05 % by weight of the produced mixture is ammonia. 
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361 . The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

362. The method of claim 335, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , where^ a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

363. The method of claim 335, wherein the partial pr^sure of H2 is measured when the 
mixture is at a production well. 

364. The method of claim 335, further comprising altering the/ptfessure within the 
formation to inhibit production of t#drocarboi}g from the foipfatipn having carbon 
numbers greater than about 25. 

365. The method of clairry 335, wherem controlling formation conditions comprises 
recirculating a portion of hydrogen ftym the mixture into thg formation. 

366. The method of clainv33-5^ftirther comprising: 
providing hydrogen (Hfl to the heated section to hy^rogenate hydrocarbons 

within the section; and 

heating a portion o/the section with heat from hydro^nation. 

367. The method o&claim 335, wherein the produced mixture comprises hydrogen and 
condensable hydroc/rbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



368. The method of claim 335, wherein allowing the heat to transfer comprises 
increasing^ permeability of a majority of the selected section to greater than about 100 
millidarc 
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369. The method of claim 335, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of/he selected section. 



370. The method of claim 335, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, measured by the Fischer 
Assay. 

371. The method of claim 335, wherein produptfwthe mixture comprises producing 
the mixture in a production well, and wherpiff at le^st about ^neat sources are disposed in 
the formation for each production welL 

372. The method of claim 335< further comprising Dividing heat from three or more 
heat sources to at least a portion of the formation, ymorein three or more of the heat 
sources are located in the fcmnation in a j/nit of>neat Sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



373. The method of c/laim 335, fftrjfter comprising providing heat from three or more 
heat sources to at least k portion^ the formation, wherein three or more of the heat 
sources are located in the^onnation in a unit of hea\ sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein aSplurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



374. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing he/t from one or more heat sources to at least a portion of the 
formation: 

allowing/fhe heat to transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure within at least a majority of the selected section of the 
formation jo above 2.0 bar absolute; and 

p/oducing a mixture from the formation, wherein the produced mixture comprises 
a highe/ amount of non-condensable components as compared to non-condensable 
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components producible from the formation under the same temperature conditions and at 
atmospheric pressure. / 



375. The method of claim 374, wherein the one or moreiieat sources comprise at least 
two heat sources, and wherein superposition of heat fron/at least the two heat sources 
pyrolyzes at least some hydrocarbons within the select/d section of the formation. 



376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the selected^GttarTwf!^ a pyrolysis temperature 
range. 

377. The method of cl^im 374, wherein/the one oj^more peat sources comprise 
electrical heaters. 



378. The method of claim 374, vynerein t^e on^or more heat sources comprise surface 
burners. 



379. The method of claim X74/wherein the ope or more heat sources comprise 
flameless distributed combwstors. 

380. The method of odaim 374, wherein the one or more heat sources comprise natural 
distributed combustoys. 



381. The method of claim 374, further comprising controlling the pressure and a 
temperature wimin at least a majority of the selected section of the formation, wherein 
the pressure ^controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



382. The method of claim 374, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyroiysis. 
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383. The method of claim 374, wherein providing heat from the o/e or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the^yoWpe is equal t<y#r less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p 8 

wherein Pwr is the heating eifergy/day, h is^an average heating rate of the 
formation, p B is formation bulk ^/nsity, and wherein th^/neating/rate is less than about 10 
°C/day. 

384. The method of claim ^74, whereii^affowing the heat fo transfer comprises 
transferring heat substantially Dy~eendu<ztion. 



385. The method of claim 374, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section/is greater than about 0.5 W/(m °C). 

386. The method of claiir/374, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

387. The method oFclaim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

388. The method of claim 374, wherein the produced mixture comprises non- 
condensable/hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non/condensable hvdrocarbons are olefins. 
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389. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ^thane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.1. 

390. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight/when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



SO 



10 391. The method of claim 374, wherein ^the produced mixtu^£ comprises condensable 
hydrocarbons, and wherein less than about 1 % m weight, / yynen calculated on an atomic 
basis, of the condensable hydrocaptfons is oxygen. 

392. The method of clairr/374, wherein me pro^uce^f mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 %4>y weight, when calculated on an atomic 
basis, of the condensable hydrocarbon/is smfur. 



fy 

?S3 
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393. The method of claim 374, ^iferein the produced mixture comprises condensable 
hydrocarbons, wherein mon^Sj/o by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygefn containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



394. The method of ^claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are /romatic compounds. 



30 



395. The nrtethod of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydroca/Dons comprises multi-ring aromatics with more than two rings. 
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396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the coorciensable 
hydrocarbons are asphaltenes. 

397. The method of claim 374, wherein the produced mh$i$£-cUmpqses condensable 
hydrocarbons, and wherein about 5 % by weight ttj^bout 30/*/o by w^igttf of the 
condensable hydrocarbons are cycloalkanes/ 

398. The method of claim 374^herein the produced mbrfur^ comprises a non- 
condensable component, wherein the non-condensajole oomppnent comprises hydrogen, 
wherein the hydrogen is greater than about 10 % l/y/olume of the non-condensable 
component, and wherein/he hydrogen is less tl^n about 8/) % by volume of the non- 
condensable componer 



399. The method o 



claim 374, whe^eii/ the producer mixture comprises ammonia, and 



wherein greater than about 0.05 %Joy yeight of the produced mixture is ammonia. 

400. The method of claim 374, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

40 1 . The method of claim i 74, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



25 402. The method pi claim 374, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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403. The method of claim 374, further comprising altering the pressure within the 
formation w inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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404. The method of claim 374, further comprising^- 



providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogehation. 



405. The method of claim 374, wherein the prodi*e£cf mixture comprises hydrogen and 
condensable hydrocarbons, the method furthp^omprismg hydrogenating <ux>rtion of the 
produced condensable hydrocarbons yimaX least a pjmion of the prodj^ed hydrogen. 



406. The method of claim,374, wherein allowing the heat t 
increasing a permeability'of a majority of the selected se£ 
millidarcy. 




er compnses 
eater than about 1 00 



407. The method of claim 374, whereirj/alljafWing the heat tof transfer comprises 
substantially/aniformly increasing a permeability of a majority of the selected section. 

408. Thelmethod of claim 374yfu/ther comprising controlling the heat to yield greater 
than about ^ % by weight^f condensable hydrocarbons, as measured by the Fischer 
Assay. 



409. The method of claimy374, wherein producing the mixture comprises producing 
the mixture in a productionAvell, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

410. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are locat/d in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



411. The method of claim 374, further comprising providing heat from three or more 
heat sou/ces to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality^ the units are repeated 
over an area of the formation to form a repetitive pattern of imits. 



412. A method of treating a hydrocarbon containing mmiati0n4iisitu 5 comprising: 
providing heat from one or more heat sourcps^o at least a ponton of the 

formation; 

allowing the heat to transfer frojrfthe one 6r more heat sokfrce^ to a selected 
section of the formation such that s^perimposecr heat from the one dx more heat sources 
pyrolyzes at least about 20 % bj/weight of hyarocarbon^within tpe selected section of 
the formation; and 

producing a mixture from the formation, 

413. The method of claim 44? wjwein the one or more Heat sources comprise at least 



two heat sources, and wherein superoosition of heat from a 



least the two heat sources 



pyrolyzes at least some hydrocarbons within the selected section of the formation. 

I 

414. The method of claim /l2, wherein controlling formation conditions comprises 
maintaining a temperature yvithin the selected section within a pyrolysis temperature 
range. 



415. The method o/ claim 412, wherein the one or more heat sources comprise 
electrical heaters. 

416. The m^rhod of claim 412, wherein the one or more heat sources comprise surface 
burners. 

417. T?ne method of claim 412, wherein the one or more heat sources comprise 
flameleks distributed combustors. 
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418. The method of claim 41 2, wherein the one or more heat sources/comprise natural 
distributed combustors. / 



419. The method of claim 412, further comprising controlling/a pressure and a 
temperature within at least a majority of the selected section or the formation, wherein 
the pressure is controlled as a function of temperature, or th^ temperature is controlled as 
a function of pressure. 

420. The method of claim 412, further compmifig Controlling the h^at such that an 
average heating rate of the selected section / is less tjtfan about 1 °C $tr day during 
pyrolysis. 



42 1 . The method of claim 4 12; wherein prc/viding he^r frorja the one or more heat 
sources to at least the portion >of formation Comprise^ 

heating a selected volume (V) of the hydrocarbon cqfataining formation from the 
one or more heat sources, wjherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyz^s at leas/ sprfie hydrocarbons [within the selected volume of 
the formation; and 

wherein heating energy/d^y provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by t^e equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the Seating energy/day, h is an average heating rate of the 
formation, p B is formatioi/bulk density, and wherein the heating rate is less than about 10 
°C/dav. 



422. The methocU>f claim 412, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

423. The method of claim 412, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 
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424. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

5 425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about p % by weight of the 
condensable hydrocarbons are olefins. 

426. The method of claim 412, wherein the'producefr mixture comprises non- 
10 condensable hydrocarbons, and whereiVabout 0.1 by weight pabout 15 % by weight 

of the non-condensable hydrocarbons are olefins.y 

427. The method of claim 412, wherein the/produceel mixture comprises non- 
condensable hydrocarbons, >and wherein a molar ratio of ethene to ethane in the non- 

1 5 condensable hydrocarbons ranges from about 0/00 1 to about 0.15. 



20 



428. The method of claim 412, whefram the produce 
hydrocarbons, and \vherein s 4essJfea# about 1 % by we 
basis, of the condensable hydrocafbons is nitrogen. 



mixture comprises condensable 
ght, when calculated on an atomic 

\ 



429. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable /hydrocarbons is oxygen. 

25 430. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hvdrocarbons is sulfur. 



30 



43 1. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and whereij/the oxygen 
containing compounds comprise phenols. 

432. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



10 



433. The method of claim 412, wherein the produc/ed mixture^comprises condensable 
hydrocarbons, and wherein less than about 5 % byA^ight of the condensable 
hydrocarbons comprises multi-ring aromatic^wim more than/fwo rings. 



□ 



15 



20 
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434, The method of claim 412, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein les^man about J3.3 % bj^w^ight of the condensable 
hydrocarbons are asphaltene 



435. The method of claim 412, wherein tile proc 
hydrocarbons, and wherein about 5 % by weight tc 
condensable hydrocarbons are cyclrarfKanes. 



iced mixture comprises condensable 
about 30 % by weight of the 



436. The method of claim 41/2, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein £ne hydrogen is less than about 80 % by volume of the non- 
condensable component 

437. The method pf claim 412, wherein the produced mixture comprises ammonia, and 
wherein greater th^n about 0.05 % by weight of the produced mixture is ammonia. 



30 



438. The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein the Ammonia is used to produce fertilizer. 
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439. The method of claim 412, further comprising controlling a pressi/re within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 



440. The method of claim 412, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and FL, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



44 1 . The method of claim 412, wherein the partial ^ressj, 
mixture is at a production well. 



f2 is measured when the 



442. The method of claim 412, furtherx^ompfising altering a pressure within the 
formation to inhibit production of hj^rocarljons from the/ormation having carbon 
numbers greater than about 25. 



443. The method of claim 4 
recirculating a portion of hyd 



2, wherein controlling formation conditions comprises 
►gen from the Hlixture into the formation. 



10 



444. The method of claim 41ZTufther comprising: 
providing hydrogen (1^2) to the heated section^o hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

445. The method of/claim 412, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



446. The method of claim 412, wherein allowing the heat to transfer comprises 
increasing^ permeability of a majority of the selected section to greater than about 100 
millidarc 
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447. The method of claim 412, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the/elected section. 



448. The method of claim 412, further comprising controlling/the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as r^easured by the Fischer 
Assay. 

449. The method of claim 412, wherein producing the mixture comprises producing 
the mixture in a production well, and wj^rein at le^st about 7/f*eat sources are disposed in 
the formation for each production ^>tfell. 



450. The method of clahrt 412, further comprising providing heat from three or more 
heat sources to at least a/portion of the formation, Wherein three or more of the heat 
sources are located in /he formation in /unit of/neat/ sources, and wherein the unit of heat 
sources comprises a triangular patter 



45 1 . The method bf claim 4 1 2/ firmer comprisir 



g providing heat from three or more 



heat sources to at leasr^ortionof the formation, ^herein three or more of the heat 
sources are located in the fojmation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

452. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing Ijeat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of tHe formation such that superimposed heat from the one or more heat sources 
pyrolyze/at least about 20 % of hydrocarbons within the selected section of the 
formation; and 

producing a mixture from the formation, wherein the mixture comprises a 
cor/densable component having an API gravity of at least about 25°. 
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453. The method of claim 452, wherein the one or more heat sources Comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of/me formation. 



454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section withii/a pyrolysis temperature 
range. 

455. The method of claim 452, wherein the on^^T/Jnore^eat sources comprise 
electrical heaters. 

456. The method of claim 4^C wherein the /ne or mp/e heat sources comprise surface 
burners. 

457. The method of/claim 452, whereU the/^ne 01/ more heat sources comprise 



flameless distributed 



ombustors. 



458. The method oi claim 452, ^nerein the one o\more heat sources comprise natural 
distributed combustors;^ 

459. The method of claim 452, further comprising controlling a pressure and a 
temperature within at least ^majority of the selected section of the formation, wherein 
the pressure is controlled a function of temperature, or the temperature is controlled as 
a function of pressure. 

460. The method pi claim 452, further comprising controlling the heat such that an 
average heating r^ie of the selected section is less than about 1 °C per day during 
pyrolysis. 



461. ( Theinethod of claim 452, wherein providing heat from the one or more heat 
sources to/at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat/capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within )ne selected volume of 
the formation; and 

wherein heating energy/day provided to the volume i/ equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is arf average heating rate of the 
formation, p B is formation bulk density, and wher ein th e heating rate is less than about 10 
°C/day. 

462. The method of clakn 452, wherein/allowing the heaj/p transfer comprises 
transferring heat substantially by conduction. 



463. The method of claim 452 y wherein 
sources comprises heating the selected secji 
a portion of the selected section is gre 




from the one or more heat 
a thermal conductivity of at least 
5 W/(m °C). 



464. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



11 



465. The method of claim 452, wherein the produced mixture comprises non- 
condensable>nydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non^ondensable hydrocarbons are olefins. 



466. /The method of claim 452, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



30 
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467. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 



468. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weightywhei^eaieulated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

469. The method of claim 452, wheperm the produced mixture ^(mprises condensable 
hydrocarbons, and wherein less tk^a about 1 % by weight, w^j/ calculated on an atomic 
basis, of the condensable hydrocarbons is sulf 

470. The method of claim 452, wherein the produ^d mixture comprises condensable 
hydrocarbons, whereiiy about 5 % by weight to atxmt 30/% by weight of the condensable 
hydrocarbons comprise oxygen contaimng 9£fmpounds,/and wherein the oxygen 
containing compound!) comprise phenok: 

47 1 . The method of claim 452( wherein the producedmixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

472. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



473. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons/and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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474. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 



475. The method of claim 452, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable cornponent comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than ^exiC^ds^/o by volume of the non- 
condensable component. 

476. The method of claim $%2, wherein th^producedyftiixture comprises ammonia, and 
wherein greater than abouf 0.05 % by weight of the Deduced mixture is ammonia. 



477. The method/of claim 452, wherein the^roducjed mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



cor 



478. The metnod of claim 45^/further comprising controlling a pressure within at least 
a majority of the sfel^cted^se^on of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute 



479. The method of claim 452, further comprising controlling formation conditions to 
produce a mixture ofitondensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture/is greater than about 0.5 bar. 

480. The method of claim 452, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



48 1 . /The method of claim 452, further comprising altering a pressure within the 
fornjation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



342 



Conley, Rose & Tayon, P C. 



• 



482. The method of claim 452, wherein controlling formation condition/comprises 
recirculating a portion of hydrogen from the mixture into the formation.y 

483. The method of claim 452, further comprising: 
providing hydrogen (H2) to the heated section to hydroge^ate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydroienation. 



484. The method of claim 452, wherein the prodycetf/fnixture co; 
10 condensable hydrocarbons, the method furthjgfcompr^ing hydroge^atin: 
produced condensable hydrocarbons wRn at least apportion of tho 



prises hydrogen and 
g a portion of the 
foduced hydrogen. 



hi 



15 



20 



485. The method of claim 45Z, wherein allowing the heat^b transfer comprises 
increasing a permeability of f majority of the/selected ytoxfoxi to greater than about 100 
millidarcy. 

486. The method of clAim 452, wherein allowing th<£ heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



487. The method of claim~4 : 52( further comprisin 



than about 60 % by weight of efondensable hydrocarbons, as measured by the Fischer 



controlling the heat to yield greater 



Assay. 



V 



488. The method of claim 452, wherein producing the mixture comprises producing 
25 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



30 



489. The metHod of claim 452, further comprising providing heat from three or more 
heat sources tp at least a portion of the formation, wherein three or more of the heat 
sources are/located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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490. The method of claim 452, further comprising providing heat/from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern m units. 



491 . A method of treating a layer of a hydrocartx^n containing formation in situ, 
comprising: 

providing heat from one or mop^Keat sources to at leased portion of the layer, 
wherein the one or more heat sourdes are positioned proximate an edge of the layer; 

allowing the heat to transfer from me one or moi^yieas: sources to a selected 
section of the layer such mat superimposed heat from^he one or more heat sources 
pyrolyzes at least some hydrocarbons ^within the selected section of the formation; and 

producing a mixture from the formation 



492. The method o 



claim 49/, wherein the one or more heat sources are laterally 



spaced from a center of the layer, 

493. The method of claim 491, wherein the one G(r more heat sources are positioned in 
a staggered line. 



494. The method of claim 491, wherein the one or more heat sources positioned 
proximate the etage of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to the one or more heat sources. 



495. The method of claim 491 , wherein the one or more heat sources positioned 
proxinafate the edge of the layer can increase the volume of formation undergoing 
pyrolysis per unit of energy input to the one or more heat sources. 
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496. The method of claim 491, wherein the one or more heat soirees comprise 
electrical heaters. 

497. The method of claim 491, wherein the one or more tyiat sources comprise surface 
burners. 

498. The method of claim 491, wherein the one o/ more heat sources comprise 
flameless distributed combustors. 



ry 



499. The method of claim 491ywherein tlje one oqr^ore heat sources comprise natural 
distributed combustors. 



controlling a pressure and a 
section of the formation, wherein 



500. The method of c&im 491, further compri/ingj < 
temperature within at feast a majority of the selected ; 

15 the pressure is controlled as a function of Jmiperatuie, or the temperature is controlled as 
a function of pressure. 

V 

501 . The method of ci^ua49f, further comprising controlling the heat such that an 
average heating rate of/he selected section is less than about 1.0 0 C per day during 

20 pyrolysis. 

502. The method of claim 491 , wherein providing heat from the one or more heat 
sources to at Least the portion of the layer comprises: 

heatmg a selected volume (V) of the hydrocarbon containing formation from the 
25 one or mcfre heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the iprmation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
therein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. / 



503. The method of claim 491, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that arthermai conductivity of at least 
a portion of the selected section is greater than about 0^^W/(ms?C). 

504. The method of claim 491 , whepifr the produced mixture comprises condensable 
hydrocarbons having an API gravky of at least atout 25°. 

505. The method of claim 491, wherein the producecKmixl'ure comprises condensable 
hydrocarbons, and wherein about 0.1 % py weight yfabou/ 15 % by weight of the 
condensable hydrocarbons are olefins./ 

506. The method of claim 491 ywhererfi the produced mixture comprises non- 
condensable hydrocarbons, and/wherein a molar ratio of ethene to ethane in the non- 
condensable hyprocarbons ranges from about 0.00A to about 0.15. 

507. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %/by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

508. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons/ and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

509. /The method of claim 491, wherein the produced mixture comprises condensable 
hydrc/carbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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510. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weigWt of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

511. The method of claim 491 , wherein the produced mi/ture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by v^eight of the condensable 
hydrocarbons are aromatic compounds. 

512. The method of claim 491 , wherein thj^roddced mixture coiMrises condensable 
hydrocarbons, and wherein less than abcfut 5 % by weight of the condensable 
hydrocarbons comprises multi-ring/aromatics with more thanXv<yrings. 

513. The method of claim ^91 , wherein/ihe produceji nixture comprises condensable 
hydrocarbons, and wherein /less than ab^t 0.3 % Ijy weight yof the condensable 
hydrocarbons are asphaltemes. 

514. The method of claim 491 , ^hepefn the produced fixture comprises condensable 



hydrocarbons, and wherein abotAr*5 % by weight to abou^ 
condensable hydrocarbons ar/ cycloalkanes 



30 % by weight of the 



515. The method of claim 491 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogeii is greater than about 10 % by volume of the non-condensable 
component, and wjaferein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



516. The method of claim 491 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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5 1 7. The method of claim 491 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. / 



518. The method of claim 49 1 , further comprising controlling I pressure within at least 
a majority of the selected section of the formation, wherein the/controlled pressure is at 
least about 2.0 bar absolute. 

5 1 9. The method of claim 49 1 , further comprising cormjiUnfgTorniation conditions to 
produce a mixture of condensable hydrocarbons ancH^, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 

520. The method of claim 519, wl^rein the partial pressur^f fl 2 is measured when the 
mixture is at a production well. 



52 1 . The method of claim 4 
formation to inhibit productior 
numbers greater than about 25 



1 , further Vomprising'altering a pressure within the 
of hydrocarbonsirom the formation having carbon 



522. The method of claim 491 ,Airther comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 



523. The method of claim 491 , further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; 

heating a portion of the section with heat from hydrogenation. 



524. The method of claim 491, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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525. The method of claim 491 5 wherein allowing the heat to transfer ccmnprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

526. The method of claim 491 , wherein allowing the heat to ffansfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 



527. The method of claim 491 , further comprisipg^o^trolling the heat to yield greater 



than about 60 % by weight of condensable jjydrocarbpns, as measure 
Assav. 



by the Fischer 



f=5 



15 



20 



25 



528. The method of claim 49/f, wherein producing the mixture comprises producing 
the mixture in a production Well, and whereyf at least abjml 7/neat sources are disposed in 
the formation for each production well. 

529. The method of claim 491, further cojrfprising providing heat from three or more 
heat sources to at least a oortion of mefmmation, wherein three or more of the heat 
sources are located in the fbnnaliqfi in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

530. The method of clairr/ 491, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 



531. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation: 

lowing the heat to transfer from the one or more heat sources to a selected 
section^ of the formation; and 
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controlling a pressure and a temperature within at least a majority of the selected 
section of the formation, wherein the pressure is controlled as a functi^ of temperature, 
or the temperature is controlled as a function of pressure; and 

producing a mixture from the formation. 

532. The method of claim 53 1, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at )east the two heat sources 
pyrolyzes at least some hydrocarbons within the selected s^ctiairafthe formation. 

533. The method of claim 53 1 ; wherein contpeflnng formation conditions comprises 
maintaining a temperature within the selept^d sectioi/ within a^/yrolysis temperature 
range. 

534. The method of claim 53/ , wherein the $me or xyCox^f heat sources comprise 
electrical heaters. 



535. The method of clairp 53 1 , whereija tfre one or npre heat sources comprise surface 
burners. 

536. The method of claim 53 1 , \ylierein the one or m^re heat sources comprise 
flameless distributed combustorsj 



537. The method of claim f} 1 , wherein the one or more heat sources comprise natural 
distributed combustors. 

538. The method of ofaim 53 1, further comprising controlling the heat such that an 
average heating rate yf the selected section is less than about 1 °C per day during 
pyrolysis. 



539. The method of claim 53 1 , wherein providing heat from the one or more heat 
sources to at/east the portion of formation comprises: 
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heating a selected volume (f 7 ) of the hydrocarbon containing format/on from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equ^l to or less than Pur. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an av^r^ge heating rate of the 
formation, p B is formation bulk density, and whej^ln theyheating raj£ is less than about 10 
°C/day. 

540. The method of claim 531, wherein allowip^ the heayf/ transfer comprises 
transferring heat substantially by conduction. 



54 1 . The method of claim 531, wherein/providing heat/from the one or more heat 
sources comprises heating pie selected Action such that/a thermal conductivity of at least 



a portion of the selected section is gre&t^rthan about 0.5 



W/(m °C). 



542. The method of claim 531/ wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



543 . The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



544. The memod of claim 53 1 , wherein the produced mixture comprises non- 
condensable jiydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non^Condensable hydrocarbons are olefins. 
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545. The method of claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to/ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about O.lo. 

5 546. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

547. The method of claim 53 1 , wherenvfne produced mixture comprises condensable 
10 hydrocarbons, and wherein less than^afbout 1 %/uy weighj^when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



15 



20 



548. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about L% by \^eight, when calculated on an atomic 
basis, of the condensable hydrocarbons is^sulfur. 



549. The method of claim 53^1/^vherein the produced mixture comprises condensable 
hydrocarbons, wherein about/5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compol 
containing compounds comprise phenols. 



nds, and wherein the oxygen 



25 



550. The method pi claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, ancr wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

55 1 . Th^method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



352 



Conley, Rose & Tayon. P.C. 



552. The method of claim 531, wherein the produced mixture comprise/ condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

553. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 °/yby weight of the 
condensable hydrocarbons are cycloalkanes. 

554. The method of claim 53 1 , wherein the producedj^cture comprises a non- 
condensable component, wherein the non-conder^Dleycomponent comprises hydrogen, 
wherein the hydrogen is greater than about^K) % by Volume/f the non-condensable 
component, and wherein the hydrogen/is less than ^bout^y % by volume of the non- 
condensable component. 

555. The method of clainy53 1 , wherein the produced mixture comprises ammonia, and 
wherein greater than abouyO.05 % by weignt^of the produced mixture is ammonia. 



556. The method of cljaim 53 1 , wh^in the produced mixture comprises ammonia, and 
wherein the ammonia is vised to j^rociuce fertilizer. 

557. The method of claim 53 1/ wherein the controlled pressure is at least about 2.0 bar 
absolute. 



558. The method of claim 53 1 , further comprising controlling formation conditions to 
produce a mixture of conflensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



559. The method of claim 53 1 , wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 
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560. The method of claim 53 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation haying carbon 
numbers greater than about 25. 

561. The method of claim 53 1 , wherein controlling formatior/conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



10 



562. The method of claim 53 1 , further comprisii 

providing hydrogen (H2) to the heat^dsection j6 hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sec#6n with heat ffom h^zfrogenation. 



15 



563. The method of claim/531, wherein th^producyed mixture comprises hydrogen and 
condensable hydrocarbon/ the method fuiper/omprising hydrogenating a portion of the 
produced condensable hydrocarbons witbf at4east a portion of the produced hydrogen. 



ro 



20 



564. The method of claim 53 1 , wherein allowing the heat to transfer comprises 



increasing a permea 
millidarcy. 



ility of a majority of the selected section to greater than about 100 



565. The method of clainL03 1 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeabili^of a majority of the selected section. 



566. The method ofclaim 531 , further comprising controlling the heat to yield greater 
25 than about 60 % by )veight of condensable hydrocarbons, as measured by the Fischer 

Assay. 



30 



567. The m/thod of claim 53 1 , wherein producing the mixture comprises producing 
the mixture m a production welL and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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568. The method of claim 53 1, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and v^nerein the unit of heat 
sources comprises a triangular pattern. 

569. The method of claim 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein/three or more of the heat 
sources are located in the formation in a unit of heat sojjFe^sTwherein the unit of heat 
sources comprises a triangular pattern, and wh^ih a^lurality of the^nits are repeated 
over an area of the formation to form a repetitive pafttern of units/ 

570. A method of treating a hydrocarbon containing fopmation in situ, comprising: 
providing heat from 9<ie or more hea/ sources \p at lea^f a portion of the 

formation; 

allowing the heat/to transfer fronaf the on^br more hefat sources to a selected 
section of the formation to raise an average temperature wirhin the selected section to, or 
above, a temperature that will pyrol/ze hvarocarbons within the selected section; 

producing a mixrare from Ae>rormation; and 

controlling API gravity pf the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
(p) set forth in the following equation for an assessed average temperature (T) in the 
selected section: 

p = e HJ000/T + 67] 

where p is measured in psia and T is measured in 0 Kelvin. 



571 . The method of claim 570, wherein the API gravity of the produced mixture is 
controlled tor be greater than about 30 degrees APL and wherein the equation is: 



p = e 



[-3W00/T+ 51] 
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572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 35 degrees API, and wherein the equation is: 

p = e ['22000/T-38J^ 

573. The method of claim 570, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



10 



574. The method of claim 570, wherein controlling the average temperature comprises 
maintaining a temperature in the selected sectipn^within^ temperature range. 



15 



20 



575. The method of claim 570, ^herein tjafe one or mjpfre heat sources comprise 
electrical heaters. 

576. The method of clay^i 570, wl^rein the/^ne (/r more heat sources comprise surface 
burners. 

577. The method of clakq^fi^^ ere i n the one or more heat sources comprise 
flameless distributed combi/stors. 

578. The method of/laim 570, wherein the one or more heat sources comprise natural 
distributed combustefrs. 



579. The memod of claim 570, further comprising controlling a temperature within at 
25 least a majority of the selected section of the formation, wherein the pressure is 

controlled^ a function of temperature, or the temperature is controlled as a function of 
pressure/ 

580. / The method of claim 570, further comprising controlling the heat such that an 
30 average heating rate of the selected section is less than about 1 °C per day during 

pATolysis. 
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58 1 . The method of claim 570, wherein providing heat from the one^r more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons yithin the selected volume of 
the formation; and 

wherein heating energy/day provided to the voj^mejs^qt^l to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating en^gy/day, fi is an aver^ heating rate of the 
formation, p B is formation bulk clgnsity, and y/herein tl}g4ie|fting rate is less than about 10 
°C/day. 



15 582. The method of claim 570, wherein aHowing thgr heat to transfer comprises 
transferring heat substantially by coprauaion. 



20 



25 



583. The method of ( 



, wherein providing heat from the one or more heat 



sources comprises heating the/selected section such 
a portion of the selected section is greater than abo ut 



that a thermal conductivity of at least 
0.5 W/(m °C). 



584. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

585. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the nqn-condensable hydrocarbons are olefins. 
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586. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about (XI 5. 

5 587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by wei^nt, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

588. The method of claim 570, vvherein^the^o^cedhiixture comprises condensable 
10 hydrocarbons, and wherein less th^ffabout 1 % by weight,\when calculated on an atomic 
basis, of the condensable hydrocarbons is o/ygen. 



JZ 
i t ii 
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589. The method o&claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein less than/about 1 %f by vyeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is ^sulfur. 

590. The method of claim Svft/wherein the produced mixture comprises condensable 
hydrocarbons, whe>ein_abo1# 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds /omprise phenols. 

I 

591 . The method^of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, ana wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

592. Th^ method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydro/arbons comprises multi-ring aromatics with more than two rings. 
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593. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

594. The method of claim 570, wherein the produced mixtup£ comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30/%Jjy^eight of the 
condensable hydrocarbons are cycloalkanes. 

595. The method of claim 570, wherem / me produced mixture composes a non- 
condensable component, wherein the/non-condensabde component comprises hydrogen, 
wherein the hydrogen is greater tftan about 10 % by volume of thynon-condensable 
component, and wherein the l^ydrogen is less th^n about 80 V^oj volume of the non- 
condensable component. 



596. The method of claim 570, whereinf the produced mimire comprises ammonia, and 
wherein greater than abc ut 0.05 % by Weight of/ne produced mixture is ammonia. 



597. The method of claim 570, Wherpm the produced n 
wherein the ammonia is useche-iznfoduce fertilizer. 



ixture comprises ammonia, and 



598. The method of claim/570, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



599. The method pf claim 570, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 



600. The method of claim 570, further comprising altering a pressure within the 
formation \d inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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601 . The method of claim 570, wherein controlling formation/conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



602. The method of claim 570, further comprising: 
providing hydrogen (H2) to the heated section to jrfydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat fronVhydrogenation. 

603. The method of claim 570, wherein th^pfopuced mixture comprises hydrogen and 
condensable hydrocarbons, the method^urther comprising hvarogenating a portion of the 
produced condensable hydrocarborfs with at least a portioia of the produced hydrogen. 

604. The method of claim 570, whereiivallowin^the Meat to transfer comprises 
increasing a permeabilijy of a majority 91 the sej^cted section to greater than about 100 
millidarcy. 

605. The methodf of claim 570, wherein allowing ttte heat to transfer comprises 
substantially uniformly increasing a^permeability of a majority of the selected section. 

606. The method of claim/570, wherein the heat is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, admeasured by the Fischer Assay. 

607. The method of^laim 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

608. The mexhod of claim 570, further comprising providing heat from three or more 
heat sources/to at least a portion of the formation, wherein three or more of the heat 
sources allocated in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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609. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or /more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality m the units are repeated 
over an area of the formation to form a repetitive pattern of imits. 



10 
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610. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat to at least a portion of a hv^i^Carbon containing formation such 

that a temperature (7) in a substantial part^ofthe heated portion exceeds 270 °C and 

hydrocarbons are pyrolyzed within the heated portion of the formation; 

controlling a pressure (j^within at leas/a substantial gart of the heated portion of 

the formation; 

wherein p bar > e [( 1 A/T > " B ~ 2m4] 

wherein p is the Pressure in bar absolute and/f is /he temperature in degrees K ; 
and A and B are parameters that are larger than U) and are selected in relation to the 
characteristics and composition of the hydrocarbon containing formation and on the 
:pnd carbor/numbpr of the pyrolyzed hydrocarbon fluids; and 

the heated portion of the formation. 



required olefin content 



producing pyrolyzed hyjiroc^poon fluids from 



611. The method of claim 610, wherein A is greater than 14000 and B is greater than 
about 25 and a majority of the produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower than 25 and comprise less than about 10 % by weight of olefins. 



612. The method^of claim 610, wherein T is less than about 390 °C, p is greater than 
25 about 1 .4 bar, A is greater than about 44000, and b is greater than about 67, and a 

majority of the/produced pyrolyzed hydrocarbon fluids have an average carbon number 
less than 25 ^nd comprise less than 10 % by weight of olefins. 

613. The method of claim 610, wherein T is less than about 390 °C, p is greater than 
about/2 bar, A is less than about 57000, and b is less than about 83, and a majority of the 
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produced pyrolyzed hydrocarbon fluids have an average carbon number/lower than about 
21. 

614. The method of claim 610, further comprising controlline/the heat such that an 
average heating rate of the heated portion is less than about 3/C per day during 
pyrolysis. 



10 
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615. The method of claim 610, wherein providing he4t from the one or more heat 
sources to at least the portion of formation comprise/: 

heating a selected volume (V) of the hyjbdcarbon containing formation from the 
one or more heat sources, wherein the fonfiatioii has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at lea^t some hydrocarbons Wthin the selected volume of 
the formation; and 

wherein heating energy/day provided to the v^Kij^ie is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *pB 




wherein Pfvr is the heatin^energy/^y, h is afn average heating rate of the 
formation, pg is/formation bulk/3ensit}yind where^h the heating rate is less than about 10 
°C/day. 

616. The metn)&4^f^HiTi 610, wherein heat isf transferred substantially by conduction 
from one or more heat/sources located in one or i^iore heat sources to the heated portion 
of the formation. 



25 617. The method of claim 616, wherein the heat sources comprise heaters in which 

hydrocarbons/are either injected into a heaters or released by the hydrocarbon containing 
formation adjacent to a heater by an oxidant injected into the heater in or adjacent to 
which th/ combustion occurs and wherein at least part of the produced combustion gases 
are vented to surface via the heater in which the combustion occurs. 



30 
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618. The method of claim 617, wherein heat is transferred substantially by conduction 
from one or more heat sources to the heated portion of the foiroatkm such that the 
thermal conductivity of at least part of the heated portion is substantially uniformly 
modified to a value greater than about 0.6 W/m °C and the permeability of said part 
increases substantially uniformly to a value greater than 1 parcy. 

619. The method of claim 610, further comprising coiitrottmg formation conditions to 
produce a mixture of hydrocarbon fluids and Ffefwherein a partial pressure of FT? within 
the mixture flowing through the formatiprfis greater than Qopar. 

620. The method of claim 6 \9\ further comprising, h^dfogenating a portion of the 
produced pyrolyzed hydrocarbon fluids with/at least ^portion of the produced hydrogen 
and heating the fluids wijm heat from hydrpgenatior 



62 1 . The method pf claim 610, wherein the hydr 
seam and at least about 70% of the Ijydrojzarbon content 
hydrocarbon content is measured py ^Fischer assa|y 
of the formation. 



carbon containing formation is a coal 

of the coal, when such 
, is produced from the heated portion 



622. The method of claim 610, wherein the substantially gaseous pyrolyzed hydrocarbon 
fluids are produced from a production well, the method further comprising heating a 
wellbore of the production well to inhibit condensation of the hydrocarbon fluids within 
the wellbore. 



623. A method pf treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allovytng the heat to transfer from the one or more heat sources to a selected 
section of me formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 
producing a mixture from the formation; and 



363 



Conley. Rose & Tayon, P C. 



controlling a weight percentage of olefins of the produced mixture io be less than 
about 20 % by weight by controlling average pressure and average temperature in the 
selected section such that the average pressure in the selected section/s greater than the 
pressure (p) set forth in the following equation for an assessed average temperature (7) in 
the selected section: 

= e [-57000/T + 83] 

where p is measured in psia and T is measured in 8 Kelvim. 



624. The method of claim 623, wherein th^weight cfercentage of olefins of the 
produced mixture is controlled to be les^tnan about/10 % 1$ weight, and wherein the 
equation is: 



, [-1600Q 



28b 



625. The method of claim/623, wherein the Weigm percentage of olefins of the 
produced mixture is contr$4led to be less pqh abou/ 5 % by weight, and wherein the 
equation is: 

p JL e f-12000/lj+22] 

626. The method of claim 623,ywherein the or e or more heat sources comprise at least 
two heat sources, and wherein superposition of neat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



627. The method of clapi 623, wherein the one or more heat sources comprise 
electrical heaters. 

628. The method qfc claim 623, wherein the one or more heat sources comprise surface 
burners. 



629. The method of claim 623, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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630. The method of claim 623, wherein the one or more heat sources cojnprise natural 
distributed combustors. 

63 1 . The method of claim 623, further comprising controlling a *6mperature within at 
5 least a majority of the selected section of the formation, wherein/the pressure is 

controlled as a function of temperature, or the temperature is/fontrolled as a function of 
pressure. 

632. The method of claim 63 1 , wherein controlling^an average temperature comprises 
10 maintaining a temperature within the selected sectj,6njA4thin^~^rolysis temperature 

range. 



15 



633. The method of clainv#23, further comprising corjtfolliAg the heat such that an 
average heating rate of the selected section is less thapf about 3.0 °C per day during 
pyrolysis. 



20 
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634. The method of claim 623, further comprising controlling the heat such that an 
average heating ijate of the selected section is less tjnan about 1 °C per day during 
pyrolysis. 

635. The method of clacim 623, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation/ and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
/Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating pte is less than about 10 
°C/dav. 



10 



636. The method of claim 623, wherein allowing the he£ 
transferring heat substantially by conduction. 



tfansrbr comprises 



637. The method of claim 623, wherp-m providing/neat from the one or more heat 
sources comprises heating the selected formation such that a therm^ff conductivity of at 
least a portion of the selected section is greater man about 0.5 W/yh °C). 



^3 
fn 
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638. The method of claim 623, wherein the produced njixtur/ comprises condensable 
hydrocarbons having an API gravity of at/least about \ 

639. The method of claim 623, wherein the produced mixtfure comprises condensable 
hydrocarbons, and wherein about OA % b^/veight to about % by weight of the 
condensable hydrocarbons Ve olefins 



640. The method of claim 623, wherein the produced mixture comprises non- 
20 condensable hydrocarbons,yand wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable h/drocarbons are olefins. 



25 



641 . The method oi claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



642. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of me condensable hydrocarbons is nitrogen. 
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643. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

644. The method of claim 623. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, ^hen calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

645. The method of claim 623, wherein the produc^dj^ixttffe^ condensable 
hydrocarbons, wherein about 5 % by weight to^abcmt 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compj/unds, and wherein the oxygen 
containing compounds comprise otienols. 

646. The method of claim 623, wherein tne produced tnixtjure comprises condensable 
hydrocarbons, and wherein greater than ^bout 20 % \$ weight of the condensable 
hydrocarbons are aromatic compounds: 



647. The 
hydrocarbons, ar 
hydrocarbons co 



meth6d of claim 623, whereiryme produced^ mixture comprises condensable 
d wherein lessAan aj^out 5 % by weight of the condensable 
prises mult/ring^aromatics with m©re than two rings. 




648. The method of claim 623, wherein the produceXmixture^cen^rises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspnaltenes. 

649. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, /nd wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



650. The method of claim 623, wherein the produced mixture comprises a non- 
condeniable component, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-ccmdensable 
component, and wherein the hydrogen is less than about 80 % by volupe of the non- 
condensable component. 

65 1 . The method of claim 623, wherein the produced mixture/comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced ^mixture is ammonia. 

652. The method of claim 623, wherein the producejijpftxTure comprises ammonia, and 
wherein the ammonia is used to produce fertile 

653. The method of claim 623, frrtther comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons/and H2, wherei/a partial pressure of H2 
within the mixture is greater/than about 0.5 ba 



654. The method of cl; 
mixture is at a production 



c/im 623, wherein/the partial pfessur^ of H2 is measured when the 
well. 




655. The method of claih^6^jf\^^ altering a pressure within the 

formation to inhibit production omydrocarbons from the t^mationj^avii^ 
numbers greater than about 25. 



656. The method of claiir/623, wherein controlling formation conditions comprises 
recirculating a portion of Hydrogen from the mixture into the formation. 



657. The method otfclaim 623, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section/ and 

heating /portion of the section with heat from hydrogenation. 
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658. The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenatins/a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

659. The method of claim 623, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section p greater than about 100 
millidarcy. 

660. The method of claim 623, wherein allowing thgJaeatixrtr^sfer comprises 
substantially uniformly increasing a permeability of a/majority of the selected section. 



y 6 



15 



661 . The method of claim 62Xfurther comprising controlling thp/heat to yield greater 
than about 60 % by weight p/i condensable hydrocarbons, as measured by the Fischer 
Assay. 

662. The method of claim 623, wherein producing tile mixture comprises producing 
the mixture in a production well, and ^herein at \pist aboyt 7 heat sources are disposed in 
the formation for each production w£ 



20 



25 



30 



663. The method orolaim 623^|iifmer comprising providing heat from three or more 
heat sources to at least a portu/n of the formation, wherein three or more of the heat 
sources are located in the fonriation in a unit of heat sDurces, and wherein the unit of heat 
sources comprises a triangular pattern. ^ 

664. The method of/ claim 623, further comprising providing heat from three or more 
heat sources to at le^st a portion of the formation, wherein three or more of the heat 
sources are locateca in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

665. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portio^of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature withiiyhe selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within/me selected section; 

producing a mixture from the formation; and 

controlling hydrocarbons having carbon numbed greater than 25 of the produced 
mixture to be less than about 25 % by weight by cpttfrolTIng^verage pressure and average 
temperature in the selected section such th^tine average pressure in the selected section 
is greater than the pressure (p) set form in the fallowing equation for an assessed average 
temperature (7) in the selected spaion: 

f/N000/T + 2A 

p = ey ™ 
where p is measured in n&a and 7 is measured in/Kelvin. 

666. The method pi claim 662, vmerem the/nydrocarbons having carbon numbers 
greater than 25 of me produced rmxture is controlled to be less than about 20 % by 
weight, and whe/ein the equation is: 

_ /[-I6000/T + 28] 



667. The metnodof claim 662, wherein the hydrocarbons having carbon numbers 



greater than 25 of theyproduced mixture 
weight, and whereiia the equation is: 



is controlled to be less than about 1 5 % by 



p = ? 



-I8000/T+32] 



668. The method of claim 662, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



669. The method of claim 662, wherein the one or more heat sources comprise 
fectrical heaters. 
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670. The method of claim 662. wherein the one or more heat sources comprise surface 
burners. / 



671 . The method of claim 662, wherein the one or more heat soj/rces comprise 
flameless distributed combustors. 



672. The method of claim 662, wherein the one or more fleatj 
distributed combustors. 



comprise natural 



673. The method of claim 662, flirthef^omprising^controlling a temperature within at 
least a majority of the selected sectkm of the formation, wherein the pres^re is 
controlled as a function of temperature, or the temperature is controlj^yas a function of 
pressure. 

674. The method of cl&im 673, whereii/controlling th^tempep&ture comprises 
maintaining a temperature within the se^cted sectjpn within a pyrolysis temperature 
range. 

675. The method of claim 662/further comprising controlling the heat such that an 
average heating rate of the seated section is less than about\l °C per day during 
pyrolysis. 



676. The method of claim 662, wherein providing heat from the one or more heat 
sources to at least theyportion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat/ources, wherein the formation has an average heat capacity (C v ) f and 
wherein the heafing pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
wherein ffxvr is calculated by the equation: 
\vr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating pate of the 
formation, p 8 is formation bulk density, and wherein the heating rate/is less than about 10 
°C/day. 

677. The method of claim 662, wherein allowing the heat tp transfer comprises 
transferring heat substantially by conduction. 

678. The method of claim 662, wherein providipg-fie&t from the on^ov more heat 
sources comprises heating the selected sectiptfsuch ttiat a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C).> 

679. The method of claim 662; wherein the^produced mixtyiy comprises condensable 
hydrocarbons having an API gravity of at l/ast about 25° 



1 5 680. The method of claim 662, wherein the produced mixture comprises condensable 



20 



hydrocarbons, and where 



condensable hydrocarbons are olefins. 



n about 0./% by weight to abo ; 



15 % by weight of the 



68 1 . The method of claim^62/wherein the produced mixture comprises non- 
condensable hydrocarbons, And wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



25 



682. The method at claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



683. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbcms, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of/he condensable hydrocarbons is oxygen. 
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684. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 685. The method of claim 662. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compoundSj/and wherein the oxygen 
containing compounds comprise phenols. 

10 686. The method of claim 662. whereir^tte^r^duced mixture bomprises condensable 
hydrocarbons, and wherein greater^lan about^O % by weight op the condensable 
hydrocarbons are aromatic compounds. 



Bp 

M 15 
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687. The method of ^daim 662, wherein the producer mixture comprises condensable 
hydrocarbons, and wherein less than>about 5 % by^vei^f of the condensable 
hydrocarbons comprises multi-ring'aromatics wfth more than two rings. 

688. The method of claim 6p2, wherein the produced mixture comprises condensable 
hydrocarbons, and wt^erein lessjthacn about 0.3 %/by weight of the condensable 
hydrocarbons are asphaltenes. 

689. The method ofrfclaim 662, wherein the pr&^iucec^^ comprises condensable 
hydrocarbons, and wnerein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

690. The memod of claim 662, wherein the produced mixture comprises a non- 
condensable Component, wherein the non-condensable component comprises hydrogen, 
wherein th/hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
conden/able component. 
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691 . The method of claim 662, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

692. The method of claim 662, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. / 

693. The method of claim 662, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Hy{ wherein a partial pressure of Hi 
within the mixture is greater than about 0.5 bar. ^ 

694. The method of claim 662, wherein the nartial pressure of l4/is measured when the 
mixture is at a production well: / // 

695. The method of/claim 662, further comprising aj^ring a pressure within the 
formation to inhibit/production of hydrocarbons foam tne formation having carbon 
numbers greater tnan about 25. / X / 

696. The method of claim 6o2, fprfner comprising: 
providingn^^rogen^Hi) to the heated sepion to hydrogenate hydrocarbons 

within the section; and / / 

heating a portion of the section with heat from hydrogenation. 

697. The method of claim 662, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

698. A he method of claim 662, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



374 



Conley, Rose & Tayon. P.C. 



* 



699. The method of claim 662, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

700. The method of claim 662, further comprising controlling theoieat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

70 1 . The method of claim 662, wherein producing the^ixture^ompri^es producing 
the mixture in a production well, and wherein ajAdist about 7 heat sources are disposed in 
the formation for each production well. y< / J 

702. The method of claim 662f further comprising providing/Beat from three or more 
heat sources to at least a portion of the formanon, wherein three or more of the heat 
sources are located in the ftmnation in a umt of heat smtrces/and wherein the unit of heat 
sources comprises a triangular pattern. / / I 

703. The method of claim 662, fbnher^Dmprising providing heat from three or more 
heat sources to at least aNportion a^ttte formation, wherein three or more of the heat 
sources are located in the fornyuion in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

704. A method of treating a hydrocarbon containingVormation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the/formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

/controlling an atomic hydrogen to carbon ratio of the produced mixture to be 
greater than about 1.7 by controlling average pressure and average temperature in the 
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selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for an assessed average^emperature (7) in 
the selected section: 

where p is measured in psia and T is measured in ° Kelvin. 

705. The method of claim 704, wherein the atomic hwfrogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1 .8, and wherein the equation is: 

706. The method of claim 704, wherein the/atomic hydrogen^W carbon ratio of the 
produced mixture is controllecj/to be greate/ than about 1. 9, ^d wherein the equation is: 

p = / e f-8000/T+ 18] 

707. The method ofxlaim 704, wtferein the onprox mfore heat sources comprise at least 
two heat sources, ana wherein superposition^ heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons wj*nin the selected section of the formation. 



708. The methid of claijft ItyC wherein the o#e or more heat sources comprise 
electrical heaters. 



709. The method pf claim 704, wherein the orife^pr more heat sources comprise surface 
burners. 



710. The method of claim 704, wherein the one or more heat sources comprise 
flameless distributed combustors. 



711. /the method of claim 704, wherein the one or more heat sources comprise natural 
distributed combustors. 
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712. The method of claim 704, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

713. The method of claim 712, wherein controlling the temperature comprises 
maintaining a temperature within the selected section withir/a pyrolysis temperature 
range. 



714. The method of claim 704, further comprising/rontrolling the heat 'such that an 
average heating rate of the selected section j^l^ss^nan about 1 °C per d^iy during 
pyrolysis. 

715. The method of claim wherein ofoviding heat fror^tj^e one or more heat 
sources to at least the portioiVof formation comprises: 

heating a selected volume (F) off the hydrocapb6n containing formation from the 
one or more heat sources, wherein me formatiop^ias an average heat capacity (C v ) ? and 
wherein the heating pyroly^es at ^east sorpeiiydrocarbons /vithin the selected volume of 
the formation; and 

wherein heating energy/day provided to the volunje is equal to or less than Pwr, 
wherein Pwr is calculated/by the equation: 
Pwr = h*V*C v */ B 

wherein Pwr i/ the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. 



716. The method of claim 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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717. The method of claim 704, wherein providing heat from the one or mare heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

718. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

719. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to dbojaX^dvo by weight of the 
condensable hydrocarbons are olefins. 

720. The method of claim 704, wherebrfhe produced mixture cef&prises non- 
condensable hydrocarbons, and whe^in about fiT.l % by weig^tijzf about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

721. The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a mgiar ratio of etnene to ethane in the non- 
condensable hydrocarbons ranges firan^tbout 0.001 to about 0.15. 

722. The method of claim 7m, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

723. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



724. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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725. The method of claim 704. wherein the produced mixture comprises/ondensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight ot\me condensable 
hydrocarbons comprise oxygen containing compounds, and wherein tne oxygen 
containing compounds comprise phenols. 

726. The method of claim 704, wherein the produced mixtufe comprises condensable 
hydrocarbons, and wherein greater than about 20 % by wejght^f^h^condens^ 
hydrocarbons are aromatic compounds. 

727. The method of claim 704, whereirf'the produced mixture comf^ses condensable 
hydrocarbons, and wherein less thaja^bout 5 % by weight of the^ondensable 
hydrocarbons comprises multi-ring aromaticsywith more than two rings. 



728. The method of claim 704, wherem the prcxkiced mixture comprises condensable 
hydrocarbons, and whereinlless than apout Q^/o by weight of thejcondensable 
hydrocarbons are asphaltenes 



20 



729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



25 



730. The method of claim 704, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable exponent. 



30 



73 1 . The/method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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732. The method of claim 704, wherein the produced mixture corr^prises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

733. The method of claim 704, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, v^nerein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



10 



734. The method of claim 704, wherein the parj^fr^ssure of H^is measured when the 
mixture is at a production well. 

735. The method of clah#'/04, further xfcmpri sing altering a pressure within the 
formation to inhibit prefauction of hyd/ocarbons from^me formation having carbon 
numbers greater th^n about 25. 



H= 15 736. The method of claim 704, wherein/fontrollins formation conditions comprises 
rfs recirculating a portion of hydrogen from the mixture into the formation. 



20 



737. TThe method of/claim 704, further comprising: 

Providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within ttte sectio^aiid 

heating/a portion of the section with hefat from hydrogenation. 



25 



738. Th/ method of claim 704, wherein the! produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



30 



739. The method of claim 704, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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740. The method of claim 704, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of/he selected section. 



741 . The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, ^measured by the Fischer 
Assay. 



10 



742. The method of claim 704, wherein producinemje-rffrxture comprises producing 
the mixture in a production well, and wherein ajAyisl about 7 heat screes are disposed in 
the formation for each production well. 



15 



743. The method of claim 704; further comprising provknng heat from three or more 
heat sources to at least a potion of the formation, wherein tnree or more of the heat 
sources are located in th^ formation in ^unit of heat/^our^s, and wherein the unit of heat 
sources comprises a triangular pattern/ 



744. The method of claim 704, Airther jzomprising providing heat from three or more 
heat sources to at least a portion/of th^rormation, wherein three or more of the heat 
sources are locafed in the fornrfatipn in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangufer^attern, and wherein a plurality of the units are repeated 
over an area of thMocm^on to form a repetitive pattern of units. 

745. A method of ^eating a hydrocarbon containing formation in situ, comprising: 
providing h^at from one or more heat sources to at least one portion of the 

25 formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the/formation; 

controlling a pressure-temperature relationship within at least the selected section 
of the formation by selected energy input into the one or more heat sources and by 
30 presswWrelease from the selected section through wellbores of the one or more heat 
sources; and 
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producing a mixture from the formatioi 1 



746. The method of claim 745, wherein tMe one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons witfiin the selected section of the formation. 

747. The method of claim 745. wherein the^rfe Dr mor^eat sources comprise at least 
two heat sources. 

748. The method of claim/^5, ^herein the one /r m^re heat sources comprise surface 
burners. 

749. The method of claim 7^5 5 wherein ^e one cfr more heat sources comprise 
flameless distributed combustiors. 



750. Thj^ method of claich 745, wherein the onp or more heat sources comprise natural 
distributed combustors. 



75 1 . / The method of claim 745, further 
relationship by contrmlif^g a rate of removal of 



comprising controlling the pressure-temperature 
fluid from the formation. 



752. \ The methodof claim 745, further comprising controlling the heat such that an 
averagNjeatiflg r/te of the selected section is less than^about 1 °C per day during 
pyrolysis. 



753. The method of claim 745, wherein providing heat from the one or more heat 
sources to ay least the portion of formation comprises: 

hea/ing a selected volume (V) of the hydrocarbon containing formation from the 
one or mare heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein /he heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pw\ 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day,y^ is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

754. The method of claim 745, wherei/i alkj^vrfig the heat \\ transfer comprises 
transferring heat substantially by conduletion. 

755. The method of claiiry745, wherein providing heat ixofti the one or more heat 
sources comprises heatirig the selected section such that a^thermal conductivity of at least 
a portion of the selected section Ls greater than about 0:5 W/(m °C). 



15 
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756. The method of claim 7/45, wherein the Effoducea mixture comprises condensable 
hydrocarbons having an APl/gravity of at teast about j5°. 



757. The rrethod of cl^m 745, v^Herein the 
hydrocarbons! and wherein abojdf 0.1 % by weight to 
condensable hwocarpons^re olefins 



produced mixture comprises condensable 
about 15 % by weight of the 



758. The method/of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 %\>y weight to about 15 % by weight 
of the non-conde/nsable hydrocarbons are olefins. 



759. The method of claim 745, wherein the produced mixture comprises non- 
condensableriydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensab/e hydrocarbons ranges from about 0.001 to about 0.15. 
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760. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 



761 . The method of claim 745, wherein the produced mixmre comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight ? /when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

762. The method of claim 745, wherein the^foduced mixture comprises condensable 
hydrocarbons, and wherein less than ajx5ut 1 % by weight, whep calculated on an atomic 
basis, of the condensable hydrocarbons is sulfui/ 

763. The method of claim 745, wherein me produced rmxture comprises condensable 
hydrocarbons, wherein afcout 5 % by weight to about 30/% by weight of the condensable 
hydrocarbons comprise oxygen containing coippounds/and wherein the oxygen 
containing compounds comprise pherrols. 

764. The method ©f claim 745 A^erein the produced mixture comprises condensable 
hydrocarbons, and whb^ein-gr^ter than about 20 % weight of the condensable 
hydrocarbons are aromatic compounds. 

765. The method of cUum 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

766. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons.yand wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 



768. The method of claim 745, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume^ of the non-condensable 
component, and wherein the hydrogen is less than about ^OJ^-by^volumq of the non- 
condensable component. 

769. The method of claim 745, wherenrfhe produced mixture comprises ammonia, and 
wherein greater than about 0.05 % bVweight of the produced mature is ammonia. 

770. The method of claim 74o, wherein the? produced jmxtyre comprises ammonia, and 
wherein the ammonia is used/to produce fertilizer. 

771 . The method of claim 745, further comffrising controlling a pressure within at least 
a majority of the selected section of tJ4e fpmiation, whereip the controlled pressure is at 
least about 2.0 bar absolute 

772. The method of claim 740, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein the\partial pressure of H2 within 
the mixture is greater than about 0.5 bar. 

773. The method of /laim 745, further comprising controlling formation conditions to 
produce a mixture ofrtondensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture/s greater than about 0.5 bar. 



774. The method of claim 745, wherein the partial pressure of H2 is measured when the 
mixture is at/a production well. 
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775. The method of claim 745, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation/having carbon 
numbers greater than about 25. 

776. The method of claim 745, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into tile formation. 



10 



777. The method of claim 745, further comprising: 

providing hydrogen (H2) to the heated sectioia tojaydfogenate hydrocarbons 
within the section; and 

heating a portion of the section wkh^heat^from hydrogen^ibn. 



15 



778. The method of claim 745; wherein tbfe produced rmxture comprises hydrogen and 
condensable hydrocarbonsytne method further compj?fsing hydrogenating a portion of the 
produced condensable hVarocarbons with at least/ portion of the produced hydrogen. 



20 



779. The method/of claim 745, wherein^llowingythe heat to transfer comprises 
increasing a permeability of a m^jorityof the selected section to greater than about 100 
millidarcy. 

780. The methoa^f^rr'n 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



78 1 . The method cff claim 745, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assav. 



782. The method of claim 745, wherein producing the mixture comprises producing 
the mixturp in a production well, and wherein at least about 7 heat sources are disposed in 
the fonnsftion for each production well. 
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783. The method of claim 745, further comprising providing heat from thr£e or more 
heat sources to at least a portion of the formation, wherein three or more at the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



784. The method of claim 745, further comprising providine/neat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern ofurrits. 



785. A method of treating a hydrocarbon cprraining formation in situf comprising: 
heating a selected volume (V) of the hyd*H5carfoon containing formatfpn, wherein 
formation has an average heat capacrfy (C v Vand wherein the hating pyrolyzes at least 
15 some hydrocarbons within the selected Wlume of the form^on/and 

wherein heating energy/day provided to the volume is/equal to or less than Pwr. 
wherein Pwr is calculated tyy the equation: 

Pwr = h*V*C v *p B l 

wherein Pwr is the Heatina/energy/dayf h is an average heating rate of the formation, 
20 p B is formation bulk density 9y Mid whe^in the heating ratje is less than about 10 °C/day. 



cted volume comprises heating 



786. The method of claim 785, wherein heating a sel 
with an electrical heater. 



25 787. The method of claim 785, wherein heating a selected volume comprises heating 
with a surface burner. 



788. Thp method of claim 785, wherein heating a selected volume comprises heating 
with a fLameless distributed combustor. 
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789. The method of claim 785, wherein heating a selected volume coipprises heating 
with a natural distributed combustors. 

790. The method of claim 785, further comprising controlling/^ pressure and a 
temperature within at least a majority of the selected volume of the formation, wherein 
the pressure is controlled as a function of temperature, or thye temperature is controlled as 
a function of pressure. 

791 . The method of claim 785, further comprisin^ednTrolling thejheating such that an 
average heating rate of the selected volumeis^tesythan about 1 °(^per day during 
pyrolysis. 

792. The method of claim^S, wherein^ value for GCis/&etermined as an average heat 
capacity of two or more/samples taken from the hwocapon containing formation. 

793. The method^ of claim 785, Wnerein heating th^selected volume comprises 
transferring heat substantially bycondj^ction. 



20 



25 



794. The metlhod of clairx/TSTS, wherein heating/the selected volume comprises heating 
the selected section sucj^fliat a thermal conductivity of at least a portion of the selected 
section is greater than about 0.5 W/(m °C). 

795. The methojd of claim 785, wherein the prjoduced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

796. The fnethod of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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797. The method of claim 785, wherein the produced mixture comprises uon- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about p % by weight 
of the non-condensable hydrocarbons are olefins. 

798. The method of claim 785, wherein the produced mixture^comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethpne to ethai^jin the non- 
condensable hydrocarbons ranges from about 0.001 to abo(U^l5. 

799. The method of claim 785, wherein the^^fodujzied mixture ofyhprises condensable 
10 hydrocarbons, and wherein less than aboj^l % b/weight, wh^/calculated on an atomic 

basis, of the condensable hydrocarbpfis is nitrogen. 



15 



800. The method of claim/785, whereinirie produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % b\/weignt, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 



25 



80 1 . The method of claim 785/ wh^ein the produced mixture comprises condensable 
hydrocarbons, and wherein less th^n about 1 % b^ weight, when calculated on an atomic 
basis, of the (Condensable hyaptfcarbons is sulfur/ 

802. The friethod jaf^claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight tol about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

803. The /method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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804. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings/ 

5 805. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of t#e condensable 
hydrocarbons are asphaltenes. 

806. The method of claim 785, wherein the produced4]aixtee comprises condensable 
10 hydrocarbons, and wherein about 5 % by weighfto ^oout 30 % bj/ weight of the 

condensable hydrocarbons are cyclo^Hfanes. 

807. The method of cMim 785, wherein th6 producecLrfiixture comprises a non- 
condensable comppfient, wherein the no n^ondensaWe component comprises hydrogen, 

15 wherein the hydrogen is greater than about 10 % m volume of the non-condensable 
component/and wherein the hydrogen is less ppxi about 80 % by volume of the non- 
condensable component. 



20 



808. / The method of claim T^SyWherein the produced mixture comprises ammonia, and 



whe: 



ein greater than about/f.Oo % by weight of the produced mixture is ammonia. 



809.\ The method^pf^laim 785, wherein the produced mixture comprises ammonia, and 
wherein-the-ammonia is used to produce fertilizer 



810. The method of claim 785, furmei^ompmin^ a pressure within at least 

a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about Z0 bar absolute. 



811. vffhe method of claim 785, further comprising controlling formation conditions to 
prodi&e a mixture from the formation comprising condensable hydrocarbons and H2, 
wherein a partial pressure of H2 within the mixture is greater than about 0.5 bar. 
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812. The method of claim 785, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

813. The method of claim 785, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

814. The method of claim 785, wherein controlling fomatiorrcpnditmnsc^ 
recirculating a portion of hydrogen from the mixture ioJo-tKe formation. 



15 



8 1 5. The method of claim 785 s furthenc6mprising: 

providing hydrogen (Fb) to jhe heatedyvolume to hydrogj^fate hydrocarbons 
within the volume; and 

heating a portion of tbfe volume with heat from h^ ogenation. 



20 



816. The method of jtlaim 785/wherehrfhe produced mixture comprises hydrogen and 
condensable hydrocarbons, the4netjK*a further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at lea^c a portion of the produced hydrogen. 



817. The method of /laim 785 , further 
majority of the selected volume to greater than 



comprising increasing a permeability of a 
bout 100 millidarcy. 



25 818. The method of claim 785, further comprising substantially uniformly increasing a 
permeability m a majority of the selected volume. 



819. The method of claim 785, further comprising controlling the heat to yield greater 
than a6out 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



391 



Conley. Rose & Tayon. PC. 



820. The method of claim 785, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources4re disposed in 
the formation for each production well. • / 



821. The method of claim 785, further comprising providing he# from three or more 
heat sources to at least a portion of the formation, wherein thre^or more of the heat 
sources are located in the formation in a unit of heat sources,/and wherein the unit of heat 
sources comprises a triangular pattern. 

822. The method of claim 785, further comprising /rovi^krglieat frorfi three or more 
heat sources to at least a portion of the formation^Wherein three or more^Sf the heat 
sources are located in the formation in a umHjf beat sources, whereh^ne unit of heat 
sources comprises a triangular pattem/^nd wherein a plurality oftjafe units are repeated 
over an area of the formation to fierirn a repetitive pattern ofumt 

823. A method of treating a hydrocaroon containyzg formation in situ, comprising: 
providing heat ^from one or vpore heat sources to /t least a portion of the 

formation; 

allowing th^ heat to trar^fer froj^f the one or n/ore heat sources to a selected 
section of the formlation to raise an^verage temperature within the selected section to, or 
above, a temperature that Wji^5yrolyze hydrocarbons within the selected section; 

controlling heat output from the one or mora heat sources such that an average 
heating rate of the selected section rises by less thamabout 3 °C per day when the average 
temperature of the selected section is at, or above, the\emperature that will pyrolyze 
hydrocarbons witmn the selected section; and 

producing a mixture from the formation. 



824. The/method of claim 823, controlling heat output comprises: 

racing the average temperature within the selected section to a first temperature 
that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; 
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limiting energy input into the one or more heat sources to inhibit increase in 
temperature of the selected section; and 

increasing energy input into the formation to raise an average /emperature of the 
selected section above the first temperature when production of formation fluid declines 
5 below a desired production rate. 

825. The method of claim 823, controlling heat output comprises: 
raising the average temperature within the selected section to a first temperature 

that is at or above a minimum pyrolysis temperature o|mydrocarbons within the 
10 formation; 

limiting energy input into the one or mpre^eat sources to jnhibit increase in 
temperature of the selected section; anc 

increasing energy input inkHhe formation to raise an a^frage temperature of the 
selected section above the fb£t temperature' when quality of formation fluid produced 
1 5 from the formation fallsitfelow a desired/quality. 

826. The methocr of claim 823, wherein the on^or rflGre heat sources comprise at least 
two heat sources/and wherein superposition or heat f/om at least the two heat sources 
pyrolyzes at least some hydrocarbons witmn the selected section. 



20 



827. The me 



hod of claim 82 Vwherein the one 



25 



electrical heaters^^ 



828. The methocyof claim 823, wherein the one 
burners. 



r more heat sources comprise 



or more heat sources comprise surface 



829. The olethod of claim 823, wherein the one o\more heat sources comprise 
flameless distributed combustors. 



30 830. / The method of claim 823, wherein the one or more heat sources comprise natural 
distributed combustors. 
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83 1 . The method of claim 823, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the/formation, wherein 
the pressure is controlled as a function of temperature, or the teiyperature is controlled as 

5 a function of pressure. 

832. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1.5 °C per day during pyrolysis. 

10 833. The method of claim 823, wherein the heaU&<6ntrolled that an average heating 
rate of the selected section is less than abojut^°C>per day during pyrmy^ls. 

834. The method of claim 823^ wherein pr6viding heat from tj^one or more heat 
sources to at least the portion of formatioii comprises: 
15 heating a selected volume (V) of the hydrocarbon^onj&ining formation from the 

one or more heat sourpes, wherein the formation ha^n average heat capacity (C v ), and 
wherein the heating ^pyrolyzes at l^ast some hy^rocarbon^within the selected volume of 
the formation; and 

wherein heiting eners^/day presided to the volume is equal to or less than Pwr. 
20 wherein Pwr is calculated py thp^quation: 
Pwr = h*V*C v *p 

wherein Pwr isrthe heating energy/day, hiszfy average heating rate of the 
formation, p B is formation bulk density. 

25 835. The method of claim 823, wherein allowing threat tojransfer comprises 
transferring heat substantially by conduction. 



836. The method of claim 823, wherein providing heat from the one or more heat 
source/ comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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837. The method of claim 823, wherein the produced mixture comprises/ondensable 
hydrocarbons having an API gravity of at least about 25°. 

838. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 weight of the 
condensable hydrocarbons are olefins. 



10 



839. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein the condensable hydrocarbons h^ve an olefin content is less than 
about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weight of the condeimbkii>wocarDpns. 



15 



840. The method of claim 823, \jdt€rein the^>roduced mixtiyfc 9t>mpnses non- 
condensable hydrocarbons, wfr6rein a molai/ratio of ethene/{6 ofliane in the non- 
condensable hydrocarbons is less than ab/mt 0.15, and y/Wreih the ratio of ethene to 
ethane is greater than^bout 0.001. 



20 



841 . The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein/a molar ratio of ethene to ethane in the non- 
condensable hyjurocarbons is less tljaCn about O.ly and wherein the ratio of ethene to 
ethane is greater than about DM 



25 



842. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to^tfiane in the non- 
condensable hydrocarbons is less than about 0.05^nd-wherdri the ratio of ethene to 
ethane is greater than about 0.001. 



843. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of me condensable hydrocarbons is nitrogen. 
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844. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 



845. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wjnen calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



10 
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846. The method of claim 823, wherein the produc/d mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 3p^^yweight of the condensable 
hydrocarbons comprise oxygen containing competmds. and whereippie oxygen 
containing compounds comprise phenols. 

847. The method of claim 823 y whereiia the produced mixture comprises condensable 
hydrocarbons, and wherein greater thai* about 20 % by \yeighyof the condensable 
hydrocarbons are aromatic/compounds. 

848. The method of claim 824, wherein the Reduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5/% by weight pf the condensable 
hydrocarbons comprises mmti-ring arom^tics with more tnan two rings. 



849. The methc 



d of/laim 823/wherein the produced mixture comprises condensable 



hydrocarbons, and\whereinle^s than about 0.3 % by wei 
hydrocarbons are asphaltenes. 



iht of the condensable 



850. The method of claim 823, wherein the produced fixture comprises condensable 
hydrocarbon^, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 851. yfhe method of claim 823, wherein the produced mixture comprises a non- 

conderfsable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 



852. The method of claim 823, wherein the produced mixturexomprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced/mixture is ammonia. 

853. The method of claim 823, wherein the produced jnj^ttire comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



854. The method of claim 823, fuptner comprising controtlii/g a pressure within at least 
a majority of the selected sectiqj^f the formation, wherein Jhe controlled pressure is at 
least about 2.0 bar absolute. 



855. The method of claim 823, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Yp, wherein a partial pressure of H2 
within the mixture is greater than afoout 0/5 bar. 

856. The method of claim ^3 5y wherein the partial pressure of H2 is measured when the 
mixture is at a production W 

857. The method of claim 823, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



858. The method of claim 823, wherein controlling formation conditions comprises 
recirculating /portion of hydrogen from the mixture into the formation. 

859. The method of claim 823, further comprising: 
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providing H 2 to the heated section to hydrogenate hydrocarbons wtfhin the 
section; and 

heating a portion of the section with heat from hydrogenation/ 

5 860. The method of claim 823, wherein the produced mixture Comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion or the produced hydrogen. 

861 . The method of claim 823, wherein allowing the£e2tto transfer comprises 
10 increasing a permeability of a majority of the selpefep section to greater than about 100 
millidarcy. 



s " 

hi 



15 
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862. The method of claim 823,Wherein allowing the heaUtt transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

863. The method of claim 823, further comprising con/rolling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbon/, as measured by the Fischer 
Assay.. 



864. The method of cHaim 82^wherein producing the mixture comprises producing 



the mixture in a production well, and wherein at least a 
the formation for each production well. 



out 7 heat sources are disposed in 



865. The method of (rtaim 823, further comprising providing heat from three or more 
25 heat sources to at leatft a portion of the formation, wherein three or more of the heat 

sources are located/in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

866. The method of claim 823, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. / 

867. A method of treating a hydrocarbon containing formation invito, comprising: 
providing heat from one or more heat sources to at least apportion of the 

formation; to heat a selected section of the formation to an avenge temperature above 

about 270 °C; / 

allowing the heat to transfer from the one or more/heat sources to the selected 

section of the formation; / 

controlling the heat from the one or more he^sotlr^es such\thaj! an average 

heating rate of the selected section is.less than^it 3 °C per dating pyrolysis; and 
producing a mixture from the foprfatior/ 

868. The method of claim %JtH, wherein/he one or ^fore heat sources comprise at least 
two heat sources, and whe«4 superposi/on of he/from J [east the two heat sources 
pyrolyzes at least some hydrocarbons^ithin tb/ ;elected /section of the formation. 

869. The method of claim 867>her^n the one or rr/ore heat sources comprise 
electrical heaters. / / 

870. The method of clan/ 867, further comprising supplying electricity to the electrical 
heaters substantially durylg non-peak hours. 

87 1 The method of claim 867, wherein the one or more heat sources comprise surface 
burners. / 

872. The me/hod of claim 867, wherein the one or more heat sources comprise 
flameless distributed combustors. 

873 . Ttfe method of claim 867, wherein the one or more heat sources comprise natural 
distributed combustors. 
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874. The method of claim 867, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temj^rature is controlled as 
a function of pressure. 

875. The method of claim 867, wherein the heat is further controlled such that an 
average heating rate of the selected section is less than jroout 3 °C/day until production of 
condensable hydrocarbons substantially ceases. 

876. The method of claim 867, whpr€m the h/at is further controlled that an average 
heating rate of the selected section is less than about 1.5/C per day during pyrolysis. 

877. The method of^laim 867, wherein the heaths further controlled such that an 
average heating raje of the selected section is l^s/han about 1 °C per day during 
pyrolysis. 



878. The/method of claim &67, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 



heating a selected/volmne (V) of th< 



hydrocarbon containing formation from the 



one or mdre heat sourc^ovherein the formation has an average heat capacity (C v ), and 
wherein thVheating^yrolyzes at least somp hydrocarbons within the selected volume of 
the formation; and/ 

wherein heating energy/day provided\to the volume is equal to or less than Pwr, 
wherein Pwr is/calculated by the equation: 
Pwr fh*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density. 



879. / The method of claim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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880. The method of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/6m °C). 

88 1 . The method of claim 867, wherein the produced/mixture comprises condensable 
hydrocarbons having an API gravity of at least about/ 5 c 



O 



882. The method of claim 867, wherein the p^dupedTmxUi^ comprises condensable 
10 hydrocarbons, and wherein about 0. 1 % by ytfyght to about 1 5 °$ by weight of the 

condensable hydrocarbons are olefins^ 

883. The method of claim / »67, wherefn the produced/fn j^ture compnses non- 
condensable hydrocarbons, and wherein about 0.1 °/yvy ^veight to about 15 % by weight 

15 of the non-condensabfe hydrocarbons are olefins, 



*P 20 



884. The method of claim 86/, wherein^me produc 



!d mixture comprises non- 
ocarbons, wfterein a/fnolar ratio of Athene to ethane in the non- 
condensable hydrocarbons is less/tnan about 0.15, ani wherein the ratio of ethene to 



condensable hyd 



ethane is greater 



han about ' 



25 



885. The method opclaim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

886. The memod of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons^ and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of th^ condensable hydrocarbons is oxygen. 
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887. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 




5 888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds/and wherein the oxygen 
containing compounds comprise phenols. 

10 889. The method of claim 867, wherein thp^mduced mixtuc^comprises condensable 
hydrocarbons, and wherein greater than^oout/0 % by weigpyof the condensable 
hydrocarbons are aromatic compounds. 



fn 



15 



20 



D 

Ljl 



25 



30 



890. The method of claim/867, wherein the producedymixture comprises condensable 
hydrocarbons, and whereiia less than aoout 5 %/oy weight of the condensable 
hydrocarbons comprisesymulti-ring ^aromatics with more than two rings. 

891 . The method of qlaim 86/, whdrein the produc ed mixture comprises condensable 



hydrocarbons, and wherein le/s^Kan about 0.3 % by 
hydrocarbons are asphalten/s 



weight of the condensable 



892. The method of daim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

893. The metnod of claim 867, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the Jiydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condens/ble component. 
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894. The method of claim 867, wherein the produced mixture composes ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



895. The method of claim 867, wherein the produced mixtmy comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wyereirUh^ontrolled pressure is at 
least about 2.0 bar absolute. 

897. The method of claim 867, fiirfher comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H^/vynerein a partial pressure of H 2 
within the mixture is greater than about 0/5 bar. 



898. The method off claim 897, wh/rein tpe partial pressure of H 2 is measured when the 
mixture is at a production well. 

899. The method of claim wf, further comprising altering a pressure within the 
formation to inhibit ^durtipn of hydrocarbons froqi the formation having carbon 
numbers greater than about 25. 



900. The method of^claim 867, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



90 1 . The method of claim 867, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating & portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



903. The method of claim 867, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

904. The method of claim 867, wherein allowing the he^to^transfer comprises 
substantially uniformly increasing a permeability of^majority of the selected section. 

905. The method of claim 867, furthepxomprising controlling mt heat to yield greater 
than about 60 % by weight of condensable hydr^arbons, as nj^sured by the Fischer 
Assay. 

906. The method of claim/867, whereir/producing^ the mixture comprises producing 
the mixture in a production well, and vynerein aHeast aboyit 7 heat sources are disposed in 
the formation for each production we 



907. The method of claifrU56#i\irther comprising p: 
heat sources to at least a portion of the formation, whefein 
sources are located in the formation in a unit of heat sources 
sources comprises a triangular pattern. 



bviding heat from three or more 
three or more of the heat 
, and wherein the unit of heat 



908. The method of claim 867, further comprising providing heat from three or more 
heat sources to at Wast a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area pf the formation to form a repetitive pattern of units. 

909. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat soyfces to a selected 
section of the formation; 

producing a mixture from the formation through at leafst one production well; 

monitoring a temperature at or in the production we4l; and 

controlling heat input to raise the monitored tem^erature^at_ajate of less than 
about 3 °C per day. 

910. The method of claim 909, whereinthe on/or more heat screes comprise at least 
two heat sources, and wherein superposition ofneat from at l^fasx the two heat sources 
pyrolyzes at least some hydrocarlxms withir^the selected section of the formation. 

911. The method of claipi 909, wher^n the one mor/ heat sources comprise 
electrical heaters. 

912. The method off claim 909/wher^m the one or yiore heat sources comprise surface 
burners. 

913. The method orelai^i 909, wherein the one o^ more heat sources comprise 
flameless distributed comfcustors. 

914. The method of claim 909, wherein the one or\pore heat sources comprise natural 
distributed combustors. 

915. The method of claim 909, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure/is controlled as a function of temperature, or the temperature is controlled as 
a function/of pressure. 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysls. 



9 1 7. The method of claim 909, wherein providing heat from the 9ne or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbojjs^ithin the selected volume of 
the formation; and 

wherein heating energy/day provideeHo the volyfae is equal tgf ojc less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the hearing energy/day, h }& an averse 1/eating rate of the 
formation, p B is formation bmk density. 



918. The method of claim 909, wherein a41owir>g the heat 
transferring heat substantially by conduction. 



to transfer comprises 



919. The method of claim 909, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section i/ greater than about 0.5 W/(rn°C). 



920. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons having an AM gravity of at least about 25°. 

921 . The method of olaim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



922. The method of claim 909, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio orahene to 
ethane is greater than about 0.001. / 

923. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

924. The method of claim 909, wherein the produced mi/tuj£-qomprises condensable 
hydrocarbons, and wherein less than about 1 % by wdgffi when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygens / ) 

(re comprises condensable 
Len calculated on an atomic 

926. The method of claim #09. whereij/ the produced /nixture comprises condensable 
hydrocarbons, wherein about 5 % by weight/to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phefrols. / 

927. The method of claim 909, wherein the produded mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic/compounds. 

928. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

929. The memod of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons; and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



925. The method of claim 909, wherein the 
hydrocarbons, and wherein less thar 
basis, of the condensable hydrocarbons is suitor. 
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930. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 



93 1. The method of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than abouj/80 % by volume of the non- 
condensable component. 

932. The method of claim 909, wherein the pr6jfuced mixtuj^ comprises ammonia, and 
wherein greater than about 0.05 % by weight of /he produced/mixture is ammonia. 

933. The method of claim 909, wherein the produc^ mixture comprises ammonia, and 
wherein the ammonia is used to produce f/rtilizer. 

934. . The method of claim 9(^9, further comprising controlling a pressure within at least 
a majority of the selected sectifon of me formation, wherein the controlled pressure is at 



least about 2.0 bar absolute. 



935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greate/ than about 0.5 bar. 

936. The method of claim 935, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



937. The method of claim 909, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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938. The method of claim 909, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the fornjation. 

939. The method of claim 909, further comprising: 
providing H2 to the heated section to hydrogenate hydrocarbons within the 

section; and 

heating a portion of the section with heat fromyfiydrogenation. 



10 940. The method of claim 909, wherein the nrdduced mixture comprises hydrogen and 
condensable hydrocarbons, the method furtfier /ompri^ng hydrogenating a portion of the 
produced condensable hydrocarbons^ith at least a^oprtion of the produced hydrogen. 

94 1 . The method of clainv909, wherem allowing the heat to transfer comprises 
15 increasing a permeability&f a majority of Jne s/lected section to greater than about 100 
millidarcy. 



20 



942. The methoa of claim ^^herein/allowing the heat to transfer comprises 
substantially uniformly increasing a pernpability of a majority of the selected section. 

943. The method^of^laim 909, further! comprising controlling the heat to yield greater 
than about 60 % by \yfeight of condensablp hydrocarbons, as measured by the Fischer 
Assay. 



25 944. The memod of claim 909. wherein producing the mixture comprises producing 

the mixture m a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



30 



945. Jhe method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 



946. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein/mree or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



947. A method of treating a hydrocarbon cor>£arffing formation in situ, comprising: 

heating a portion of the formatiotptfV temperature sufficient to support oxidation 
of hydrocarbons within the portion^ymerejn the p^ion is located substantially adjacent 
to a wellbore; 

flowing an oxidant ifiro ugh a oSndui^ positioned within the wellbore to a heat 
source zone within the portion, wherein tne heaft source zone supports an oxidation 
reaction between hydrocarbons ap the oxidant; 

reacting a portion of th^oxiaant with hydrocarbons to generate heat; and 
transferring generated^Wat substantially by conduction to a pyrolysis zone of the 
formation to pyrolyze at le^sf a portion of tfhe hydrocarbons within the pyrolysis zone. 



948. The meth 



:laim 947, wherein 



raising a temperatures of the portion above ab^ut 400 °C. 



^eating the portion of the formation comprises 
about 



949. The method of claim 947, wherein the conduit comprises critical flow orifices, the 
method furthoT comprising flowing the oxidant through the critical flow orifices to the 
heat sourceyzone. 

950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through the wellbore. 
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95 1 . The method of claim 947, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 



952. The method of claim 947, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

953. The method of claim 947, further comprising he/ting the conduit with reaction 
products being removed through the wellbore. 

954. The method of claim 947, wherein th^oxiclant composes hydrogen peroxide. 

955. The method of claim 947/wherein the oxidant/comprises air. 

956. The method of cl^im 947, where,m the 9/idajat comprises a fluid substantially free 
of nitrogen. 



957. The methoa of claim 947, further composing limiting an amount of oxidant to 
maintain a temperature of the heat source zone/less than about 1200 °C. 

958. The method of claim#47, wherein heading the portion of the formation comprises 
electrically heatinKthefcraiation. 



959. The method of c/laim 947, wherein heating thVportion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 

960. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion with a flameless distributed combustor. 



961 . The method of claim 947, further comprising controlling a pressure and a 
temperatu/e within at least a majority of the pyrolysis zone, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled/as a function of 
pressure. / 



962. The method of claim 947, further comprising controlling/the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 7C per day during pyrolysis. 

963. The method of claim 947, wherein heating the portion comprises heating the 
pyrolysis zone such that a thermal conductivity of at le^st a portion of the pyrolysis zone 
is greater than about 0.5 W/(m °C). 

964. The method of claim 947, further comprising controj^ing a pressure within at least 
a majority of the pyrolysis zone of the f^nfiatipn, whereij/the controlled pressure is at 
least about 2.0 bar absolute. 

965. The method of clainr^947 ? furthe^ comprising: 
providing hydrogen (H 2 ) to tl^pyroly^is/zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and 

heating a portion of the pVrolysj/zonef with heat from hydrogenation. 



966. The method of claim #47; wherein t; 
increasing a permeability g^a majority of tide 
millidarcy. 



ansferring generated heat comprises 
pyrolysis zone to greater than about 100 



967. The method of claim 947, wherein transferring- generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

968. The morhod of claim 947, wherein the heating is controlled to yield greater than 
about 60 % py weight of condensable hydrocarbons, as measured by the Fischer Assay. 



969. Trie method of claim 947, wherein the wellbore is located along strike to reduce 
pressure differentials along a heated length of the wellbore. 
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970. The method of claim 947, wherein the wellbore is located along/Strike to increase 
uniformity of heating along a heated length of the wellbore. / 



971 . The method of claim 947, wherein the wellbore is located along strike to increase 
control of heating along a heated length of the wellbore. 

972. A method of treating a hydrocarbon contaim»^rormation iA situ, comprising: 
heating a portion of the formation to a^empecmure sufficient to support reaction 

of hydrocarbons within the portion of the "ormation with an oxMant; 

flowing the oxidant into a^nduit, and ymerein the Q$iduit is connected such that 
the oxidant can flow from the^onduit to the hydrocarboi; 

allowing the oxid^m and the hydro/farbons tc^act to produce heat in a heat 
source zone; 

allowing heat tp transfer fronyhe he# sourcfe zone to a pyrolysis zone in the 
at least a port/on on the hydrocarbons within the pyrolysis zone; 



formation to pyrolyze 
and 

removing reaction products such that the re; 



ction products are inhibited from 



flowing from the heat source/zone to the pyrolysis zone 




973. The method of claim 972 ; wherein heating the portion of the formation comprises 
raising the temperatures of the portion above about 400 °C. 

974. The method of claim 972, wherein heating the portion of the formation comprises 
electrically heating the formation. 



975. The method of claim 972, wherein heating the portion of the formation comprises 
heating the^portion using exhaust gases from a surface burner. 
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976. The method of claim 972, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow/orifices to the 
heat source zone. / 



977. The method of claim 972, wherein the conduit is located within a wellbore, 
wherein removing reaction products comprises removing reaction products from the heat 
source zone through the wellbore. 

978. The method of claim 972, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to tng^pyfolysisVone. 

979. The method of claim 972, furtheyxmiprislng transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

980. The method of clain/972, wherein/the condmris located within a wellbore, the 
method further comprising heating the conduit wrfh reaction products being removed 
through the wellbore to/raise a temperature pfthe oxidant passing through the conduit. 



98 1 . The method oflclaim 972/wKerein the oxidant 



comprises hydrogen peroxide. 



982. The method of claim #72, wherein the oxidanAcomprises air 



983. The method of c^aim 972. wherein the oxidant comprises a fluid substantially free 
of nitrogen. 

984. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 



985. The/method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone at a temperature that inhibits production 
of oxides of nitrogen. 
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986. The method of claim 972, wherein heating a portion of the 
temperature sufficient to support oxidation of hydrocarbons wither 
comprises heating with a flameless distributed combustor. / 



formation to a 
the portion further 



987. The method of claim 972, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis^cme of the formation, wherein the 
pressure is controlled as a function of temperatyrC or ^ne temperature/is controlled as a 
function of pressure. 

988. The method of claim 972, ftfrther comprising controlling thfe/Keat such that an 
average heating rate of the pyrolysis zone is loss than about 1 °C / per day during pyrolysis. 

989. The method of claim 972, whereir/ allowing the^Keat tcy transfer comprises 
transferring heat substantially by conduction. 

990. The method of claim 972; wherein allowi ig heat to transfer comprises 
heating the pyrolysis zone^such tlaat^tKermal conductivity o^at least a portion of the 
pyrolysis zone is greater thanlipout 0.5 W/(m °C). 

991 . The method of claim 972, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone, wherein the controlled pressure is at least about 2.0 bar 
absolute. 




992. The method M claim 972, further comprising: 

providing Hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating/a portion of the pyrolysis zone with heat from hydrogenation. 



415 



Conley. Rose & Tayon. P.C. 



10 



C3 



15 



ru 



20 



993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. 

994. The method of claim 972, wherein allowing the h^at to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

995. The method of claim 972, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydr^c^rberns^ts measured by the Fischer 
Assay. 

996. An in situ method for heajifag a hydrocarbon contaWing formation, comprising: 
heating a portion of the formatio/ to a temperature sufficient to support reaction 

of hydrocarbons within the portion of me formation wfth an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening/in the formation; 

providing the^ oxidizing fluid to a heat source/zone in the formation; 

allowing the oxidizing gas to reactWith at least a portion of the hydrocarbons at 
the heat source zone to generate heat iryrhe heat source zone; and 

transferring the generated h£at substantially by conduction from the heat source 



zone to a pyrolys 



zone in/me/formation. 



997. The method of^laim 996, further comprising^ transporting the oxidizing fluid 
through the heat source zone by diffusion. 

25 998. The method of claim 996, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



999. The method of claim 996, further comprising controlling a flow of the oxidizing 
fluid withycritical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 
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1000. The method of claim 996, wherein a conduit is disposed within 
method further comprising removing an oxidation product from the for 
the conduit. / 



le opening, the 
lation through 



1001 . The method of claim 996, wherein a conduit is dispose^ within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring substantial heat from the oxidation product in the conduit to 
the oxidizing fluid in the conduit. 

1002. The method of claim 996, wherein a conduit/is disposed within the opening, the 
method further comprising removing an oxidation/product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the cpnduit. 



1003. The method of claim 996, wl}efei6 a conduit is disposed within the opening, the 
method further comprising removing an oxidation prcxiu^t from the formation through 
the conduit and controlling^ pressure between theXxidizing fluid and the oxidation 
product in the conduit tcyreduce cj/ntaminatioi^of th^ oxidation product by the oxidizing 
fluid. 

1004. The method o^lai^99^wherein a center conduit is disposed within an outer 
conduit, and wherein the emter conduit is disposed within the opening, the method further 
comprising providing thfe oxidizing fluid into the dpening through the center conduit and 
removing an oxidation product through the outer conduit. 



1005. The method of claim 996, wherein the heat source zone extends radially from the 
opening a width of less than approximately 0.15 m. 

1006. Th^ method of claim 996, wherein heating the portion comprises applying 
electrical/current to an electric heater disposed within the opening. 
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1007. The method of claim 996, wherein the pyrolysis zone is subsfc 
the heat source zone. / 



itially adjacent to 



1008. The method of claim 996, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone t/f the formation, wherein the 
pressure is controlled as a function of temperature, or the/temgeratur^is controlled as a 
function of pressure. 

1009. The method of claim 996, furthep<5omprisir(g controlling rfie heat such that an 
average heating rate of the pyrolysi^zone is less4han about 1 °£ per day during pyrolysis. 

1010. The method of claim/996, wherein aWowing the )*eayto transfer comprises 
transferring heat substantially by conduction. 

1011. The method of claim 996, wh/rein allowing heat/to transfer comprises heating the 
portion such that a thermal conductivity of/at least a poijtion of the pyrolysis zone is 
greater than about 6.5 W/(m °C).v 



1012. The methc d of claim^99£f further comprising controlling a pressure within at least 
a majority of the py^lysjj^ztfne, wherein the controlled pressure is at least about 2.0 bar 
absolute. 



1013. The method pf claim 996, further comprising: 

providing Jaydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the pyrolysis zone with heat from hydrogenation. 

1014. The method of claim 996, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. 
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1015. The method of claim 996, wherein allowing the heat to transfer/comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



1016. The method of claim 996, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, a/measured by the Fischer 
Assay. 



ftion in situ, comprising: 
(east a portion of the 

heat sources to a selected 



1017. A method of treating a hydrocarbon ccmfainihg for 

providing heat from one or mor^ 
formation; 

allowing the heat to trar 
section of the formation; 

producing a mixtuj£ from the Ijzfrmatior 

maintaining an average temperature ^ithjn the selected section above a minimum 
pyrolysis temperature auid below ar vapopiiatioiVtemperature of hydrocarbons having 
carbon numbers greater than 25/to iombit prod/iction of a substantial amount of 



hydrocarbons having carbon liu^rioers greater 



:han 25 in the mixture. 



* one or more heat sources comprise at 



1018. The method of claim 1017, wherein the 
least two heat sources/and wherein superposition of heat from at least the two heat 
sources pyrolyzes ayleast some hydrocarbons within the selected section of the 
formation. 



1019. The method of claim 1017, wherein maintaining the average temperature within 
the selected4ection comprises maintaining the temperature within a pyrolysis 
temperature range. 



1020/ The method of claim 1017, wherein the one or more heat sources comprise 
eleoxrical heaters. 
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1021. The method of claim 1017, wherein the one or more heat sources comprise 
surface burners. / 



1022. The method of claim 1017, wherein the one or mor/heat sources comprise 
flameless distributed combustors. 

1023. The method of claim 1017, wherein the one pr more heat sources comprise natural 
distributed combustors. 

1024. The method of claim 1017, wljefein t)/e minimurp^pyrolysis temperature is greater 
than about 270 °C. 

1025. The method of cWim 1017, wherein the vaporization temperature is less than 
approximately 450 °C/at atmospheric/ pressure/ 

1026. The method of claim 101/7, furrt*er comprising controlling a pressure and a 
temperature within at least a majorny of the selected section of the formation, wherein 
the pressure is controlled asya function of temperature, or the temperature is controlled as 
a function of pressure. 

1027. The method of^ claim 1017, further com^sing controlling the heat such that an 
average heating rat^ of the selected section is less than about 1 °C per day during 
pyrolysis. 



1028. The method of claim 1017, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. 



1 029. The method of claim 1017, wherein allowing 
transferring heat substantially by conduction. 



i€ati to transfer comprises 



1030. The method of claim lOnfwherein providing heat from the one or more heat 
sources comprises heating th^elected formation such that^t thermal conductivity of at 
least a portion of the selecred section is greater than abouyO.5 W/(m °C). 

103 1 . The method of claim 1017, wnerein the sroduceti mixture comprises condensable 
hydrocarbons having an API gravity of at lMst about 25°. 



hydrocarbons, and 



1032. The method of claim K)17, wherein the prod 



whereiryabmtf 0.1 % by weight to 



condensable hydrocarbeizreare olefins. 



ced mixture comprises condensable 
about 1 5 % by weight of the 



1033. The method^of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



1034. The/method of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 
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1035. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 



1036. The method of claim 1017. wherein the produced mbaure comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight/when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1037. The method of claim 1017, wherein tlje^firoeiuced mixture (Comprises condensable 
hydrocarbons, and wherein less than a}xmt 1 % by weight, wheprjtalculated on an atomic 
basis, of the condensable hydrocarbons is sulftn\ 

1038. The method of claim 1017, wherein the produp^d n/ixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 °A by weight of the condensable 
hydrocarbons comprise oxygen containing copacpounds, ayid wherein the oxygen 
containing compounds comprise pMenols. 



1039. The method orclaim ljBl^wherein the producec. 
hydrocarbons, and wherein^eater than about 20 % by M^ei 
hydrocarbons are aromatic/compounds. 



mixture comprises condensable 
ght of the condensable 



1040. The method otrclaim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1041. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1042. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 



1043. The method of claim 1017, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than abou}/80 % by volume of the non- 
condensable component. 



1044. The method of claim 1017, whefein the produced mixture 
and wherein greater than about Oj05 % by weight of the produced 



comprises ammonia, 
mixture is ammonia. 



1045. The method of claim 1017, whereii/ the produce^n^ixture comprises ammonia, 
and wherein the ammoni/is used to produce fertilizer 

1046. The method of/claim 1017, rarther corriprisins^ controlling a pressure within at 
least a majority of the selected seCytion of^ne formation, wherein the controlled pressure 
is at least about 2.0 bar absolute/ 



1047. The method of clairr/1017, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



1048. The method/of claim 1047, wherein the partial pressure of H 2 is measured when 
the mixture is at af production well. 

1049. The n/ethod of claim 1017, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



1050. The method of claim 1017, further comprising: 
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providing hydrogen (H?) to the heated section to hydrogenate hydrocarbons 
within the section; and / 
heating a portion of the section with heat from hydrogenatior/ 

1051. The method of claim 1017, wherein the produced mixturp comprises hydrogen 
and condensable hydrocarbons, the method further comprising/nydrogenating a portion of 
the produced condensable hydrocarbons with at least a porticm of the produced hydrogen. 

1052. The method of claim 1017, wherein allowing the/neat to transfer comprises 
increasing a permeability of a majority of the selected ^section to greater than about 100 
millidarcy. \ 

1053. The method of claim 101 7, vmerein allowing threat to transfer comprises 
substantially uniformly increasing a permeability of a/majority of the selected section. 

1054. The method of claim 1017, further comjfaVing controlling the heat to yield greater 
than about 60 % by weigMt of condens^le/Kydr6carbons 5 as measured by the Fischer 
Assay. / / / I 

1055. The method ofcmm^wV/, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. [ 

1056. The method of claim 1017, furthereQmpri^ing.providing heat from three or more 
heat sources to at leas/ a portion of the formation, wherein three or more of the heat 
sources are located m the formation in a unit of heat sources, and wherein the unit of heat 
sources comprise/ a triangular pattern. 

1057. The method of claim 1017, further comprising providing heat from three or more 
heat sources/to at least a portion of the formation, wherein three or more of the heat 
sources are/located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality oft! 
over an area of the formation to form a repetitive pattern of units^ 



units are repeated 



1058. A method of treating a hydrocarbon containing fonnsuion in situ, comprising: 
providing heat from one or more heat sources to aj/least a portion of the 

formation; 

allowing the heat to transfer from the one or rjafore heat sources to a selected 
section of the formation; 

controlling a pressure within the formatiofi to inhibit production of hydrocarbons 
from the formation having carbon numbers gremgi>tharr25^)and 

producing a mixture from the forpa^ion. 

1059. The method of claim 1058, wherein the on/ o/ more heat sources comprise at 
least two heat sources, ami wherein superposition oi heat from at least the two heat 
sources pyrolyzes at le^st some hyarocarbjms within the selected section of the 
formation. 

1060. The method[of clain/ ip^8, wherein thef one or more heat sources comprise 
electrical heaters. 

1061. The method o/ claim 1058, wherein the orte^or more heat sources comprise 
surface burners. 

1062. The merfaod of claim 1058, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1063. The method of claim 1058, wherein the one or more heat sources comprise natural 
distributed combustors. 

1064/ The method of claim 1058, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled^ a function of 
pressure. / 



1065. The method of claim 1064, wherein controlling the tempe/ature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



1066. The method of claim 1058, further comprising controlling the heat such that an 
average heating rate of the selected section is less than ^bpufl °C per day during 
pyrolysis. 



1067. The method of claim 1058, when 
sources to at least the portion of form 

heating a selected volume ( 
one or more heat sources, wherei 




iing heat from the #ne or more heat 
fprises: 

fydrocarbon contefniAg formation from the 
iation has an ay^rageyrieat capacity (C v ), and 



n the selected volume of 



equal to or less than Pwr, 



wherein the heating pyrolyzes a^ 
the formation; and 

wherein heating energy/ijay £rovi 
wherein Pwr is calculated by the ^£juation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an averag^ heating rate of the 
formation, p B is formation tyulk density, and wherein the heating^ate is less than about 10 

°C/day. 



1068. The method of claim 1058, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1069. The method of claim 1058, wherein providing heat from the one or more heat 
sources comp/ises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 
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1070. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. / 



1071 . The method of claim 1058, wherein the produced mixture ^comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 jo by weight of the 
condensable hydrocarbons are olefins. 

1072. The method of claim 1058, wherein the produc^d^mixture comprises non- 
condensable hydrocarbons, and wherein about Q^yo weight/o apout 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1073. The method of claim 105§ovherein the/producej£ fixture comprises non- 
condensable hydrocarbons, wherein a molar /atio of/therfe to ethane in the non- 
condensable hydrocarbons is^less than abqat 0. lp{ and yherein the ratio of ethene to 
ethane is greater than about 0.001. 

1074. The method of clal^n 1058,^Kerein the prod/iced mixture comprises condensable 
hydrocarbons, and wherein^lessiban about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen/ 

1075. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1076. The methoci of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, ana wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1077. The/method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 



427 



Conley. Rose & Tayon. P C. 



hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 



1078. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weighjof the condensable 
hydrocarbons are aromatic compounds. 

1079. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with/mpreitoi two rings. 

1080. The method of claim 1058, whemn the produced miktuvQ comprises condensable 
hydrocarbons, and wherein less th^n about $.3 % by w^ght of the condensable 
hydrocarbons are asphaltenes. 

1081. The method of clmm 1058, wKerein th^produced mixture comprises condensable 
hydrocarbons, and whe/ein about 5y% by weight to/about 30 % by weight of the 
condensable hydrocarbons are cycloalk^nes. 

1 082. The method ofVlain^ wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 %\by volume of the non-condensable 
component, and wherein the hydrogen is less than\about 80 % by volume of the non- 
condensable component. 

1083. The method of claim 1058, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1084. The/method of claim 1058, wherein the produced mixture comprises ammonia, 
and whenein the ammonia is used to produce fertilizer. 
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1085. The method of claim 1058, further comprising controlling the/pressure within at 
least a majority of the selected section of the formation, wherein tl^e controlled pressure 
is at least about 2.0 bar absolute. 

1086. The method of claim 1058, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, \ynerein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1087. The method of claim 1086, wherein jfh^parti^l pressure ^f H2 is measured when 
the mixture is at a production well. 

1088. The method of claim 1058, wherein controlling formation conditions comprises 
recirculating a portion of hyorogen from the/mixture LHto/he formation. 



1089. The method of olaim 1058, further comprising: 
providing hydrogen (H2) to th^heat^a section t< 

within the section; anc 

heating a portioxi of the secfifm with heat from 



hydrogenate hydrocarbons 
ydrogenation. 



1090. The method of claim 1058, wherein the producer mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable/hydrocarbons with at least a portion of the produced hydrogen. 

1091. The method o&tlaim 1058, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1092. The method of claim 1058, wherein allowing the heat to transfer comprises 
substantially/uniformly increasing a permeability of a majority of the selected section. 
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1093. The method of claim 1058, further comprising controlling th/heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 



1094. The method of claim 1058. wherein producing theymixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1095. The method of claim 1058, further compinsing^piw^ding heat from three or more 
heat sources to at least a portion of the forrparion, wherein three or more of the heat 
sources are located in the fonnation>rfa uni/ of heat sourcesfl and wherein the unit of heat 
sources comprises a triangular ©bittern. / / 

1096. The method of cl^im 1058, further comprisjnj/ providing heat from three or more 
heat sources to at least/a portion of me formatiorf; wherein three or more of the heat 
sources are located in the formation in a umt^of heart sources, wherein the unit of heat 
sources comprises a/triangular t^ttern, and wherep a plurality of the units are repeated 
over an area of thefformation/io form , a repetitive/pattern of units. 

1097. A method ortreat&lg a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / V 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the fonnation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensablp hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight 
of the corKlensable hydrocarbons are olefins. 

1098/ The method of claim 1097, wherein the one or more heat sources comprise at 
leas/ two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 



1099. The method of claim 1097, wherein the one or mop heat sources comprise 
electrical heaters. 

1 100. The method of claim 1097, wherein the oryi or more heat sources comprise 
surface burners. 

1101. The method of claim 1097^vherei/the one or m/)re heat sources comprise 
flameless distributed combusts. 



1 102. The method of^claim 1097, ^herein the on/ pr more heat sources comprise natural 
distributed combustors. 



1103. The met 



Lod of claim/1097, further compri; ing controlling a pressure and a 



temperature within at least/a majorityof the select ? 
the pressure is aontrollecjras a fupoion of temperat 
a function of pressure. 



d section of the formation, wherein 
ire, or the temperature is controlled as 



1 104. The method of claim 1097, wherein controlling tnejemperature comprises 
maintaining the/emperature within the selected section within a pyrolysis temperature 
range. 

1 105. The method of claim 1097, further comprising controlling the heat such that an 
average/neating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1 L06. The method of claim 1097, wherein providing heat from the one or more heat 
>urces to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p 8 is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1 107. The method of claim 1097, whepein allowing the #&at|to transfer comprises 
transferring heat substantially by cpfiductior 

1 108. The method of clairr/1097, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1 109. The method oflclaim K)97ywherein the produced mixture comprises condensable 
hydrocarbons having aKA^gravity of at least/ about 25°. 



1110. The method of daim 1097, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein about 0.1 % by w 
condensable hydrocarbons are olefins. 



eight to about 15 % by weight of the 



1111. The method of claim 1097, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the ncm-condensable hydrocarbons are olefins. 



1 1 12!. The method of claim 1097, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio 
ethane is greater than about 0.001. / 



ethene to 



1113, The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when Calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1114. The method of claim 1097, wherein the produced n/ixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weiglrf, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



15 



20 



1115. The method of claim 1097, wherein tHe produced mixturercomprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wty^i calculated on an atomic 
basis, of the condensable hydrocarbons is sulfiir. 

1116. The method of claim 1097, whereii* the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to abgait 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing copfpounds, apd wherein the oxygen 
containing compounds comprise phenols y 



1117. The method of claim 1097, wherein the produced 
hydrocarbons, and wherein greater than about 20 % by 
hydrocarbons are aromatic compounds. 



mixture comprises condensable 
weight of the condensable 



25 1118. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and whe/ein less than about 5 % by weight of the condensable 
hydrocarbons compri/es multi-ring aromatics with more than two rings. 



1119. The methj/d of claim 1097, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons Are asphaltenes. 
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1 120. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by/weight of the 
condensable hydrocarbons are cycloalkanes. / 



1121. The method of claim 1097, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by voli/me of the non-condensable 
component, and wherein the hydrogen is less than ab^ut^O^Tb^volume of the non- 
condensable component. 

1 122. The method of claim 1097, whep^in the pfoduced miWre comprises ammonia, 
and wherein greater than about 0.05/% by weigfnt of the produced mixture is ammonia. 

1 123. The method of claim 10j97, wherein/the produced mjfxture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 124. The method of claim 1097, fm^her comprising controlling a pressure within at 
least a majority of the selected secfipn of the formation, yvherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 125. The method of claim 1097, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1 126. The method of daim 1 125, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

1 127. The methoa of claim 1097, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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1 128. The method of claim 1097. wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



1 129. The method of claim 1097, further comprising: 
providing hydrogen (H2) to the heated section to hydi^genate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hvdrogenation. 

1 130. The method of claim 1097, wherein the prodiicedjaiixture comprises hydrogen 
and condensable hydrocarbons, the method furthe^comprisuic hydrogenating a portion of 
the produced condensable hydrocarbons wffh at least a pomon of the produced hydrogen. 



1131. The method of claim V097, whereiir allowing the heat to transfer comprises 
increasing a permeability oya majority o^the ^elected/section to greater than about 100 
millidarcy. 



1132. The method of clain^097<^vherein allowini 
substantially uniformly increasing a permeability of 



the heat to transfer comprises 
a majority of the selected section. 



1133. The method of claim ^097, further comprising controlling the heat to yield greater 
than about 60 % by weightyof condensable hydrocarbons, as measured by the Fischer 
Assay. 



1 134. The method of claim 1097, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for/each production well. 



1 135. The method of claim 1097, further comprising providing heat from three or more 
heat source/ to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 136. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein thu?ee or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1 137. A method of treating a hydrocarbon cprrfaining formation in situ, comprising: 

heating a section of the formation'to a pyrolysis temperature from at least a first 
heat source, a second heat source ajraa third fctfeat source,/atfa wherein the first heat 
source, the second heat source pnd the thircj/heat soured a/e located along a perimeter of 
the section; 

controlling heat in^ut to the firs/ heat source, thfe second heat source and the third 
heat source to limit a heating rate of tile section to a rate configured to produce a mixture 
from the formation witfi an olefin cpntejzt of less than about 15% by weight of 
condensable fluids (orj a dry basi0 Within the produced mixture; and 

producing the mixture feom the formation through a production well. 



1138. The method of clairr/ 1 137, wherein superposition of heat form the first heat 
source, second heat sourc/, and third heat source pyrolyzes a portion of the hydrocarbons 
within the formation to fluids 

1 139. The methodpf claim 1 137, wherein the pyrolysis temperature is between about 
270 °C and about 400 °C. 



1 140. The method of claim 1137, wherein the first heat source is operated for less than 
about twenty four hours a day. 
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1141. The method of claim 1 137, wherein the first heat source comprises an electrical 
heater. / 



1 142. The method of claim 1 137. wherein the first heat sour^ comprises a surface 
burner. 

1 143. The method of claim 1137, wherein the first h^aTsource comprises a flameless 
distributed combustor. 

1 144. The method of claim 1 137<wherein th/ first heaj^blirce, second heat source and 
third heat source are positions substantially at apexes pi an equilateral triangle. 

1 145. The method of /laim 1137, wherein the production well is located substantially at 
a geometrical center pi the first heat/sounzt, second heat source, and third heat source. 



1146. The method 
source, and sixth 



of claim llAT; further comprising a fourth heat source, fifth heat 
>at sourpe/Tocated along the perimeter of the section. 



1 147. The method of claim 1 146, wherein the 
apexes of a regular hexagon. 



heat sources are located substantially at 



1 148. The method of claim 1 147, wherein the production well is located substantially at 
a center of the/nexagon. 

1 149. The method of claim 1 137, further comprising controlling a pressure and a 
temperature within at least a majority of the section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 
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1 150. The method of claim 1 137, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 

1151. The method of claim 1137. further comprising controlling the heat such that an 
average heating rate of the section is less than about 3 °C per day during pyrolysis. 

1 1 52. The method of claim 1 137, further comprising coiitrolling the heat such that an 
average heating rate of the section is less than about lJPper-da^ during pyrolysis. 



)ne or more heat 



ining formation from the 
ge heat capacity (C v ). and 
ithin the selected volume of 



1 153. The method of claim 1137, whepeih provid/ng heat from 
sources to at least the portion of formation com 

heating a selected volun>e (V) of the hydrocarbon 
one or more heat sources, wherein 
wherein the heating pyroly^es at least sorpfe hydrocaj 
the formation; and 

wherein heating energy/day pj?6videjKo the volume is equal to or less than Pwr, 
wherein Pwr is calculate 
Pwr = h*V*C v *p B 

wherein Pwr is the heatihg energy/day, h is an average heating rate of the 
formation, p B is formation buft: density, and wherein tn^ heating rate is less than about 10 

°C/day. 



1 154. The method of/laim 1 137, wherein heating the section of the formation 
comprises transferring heat substantially by conduction. 



1 155. The method of claim 1 137, wherein providing heat from the one or more heat 
sources composes heating the section such that a thermal conductivity of at least a 
portion of the section is greater than about 0.5 W/(m °C). 
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1 1 56. The method of claim 1137, wherein the produced mixture coi 
hydrocarbons having an API gravity of at least about 25°. / 



arises condensable 



1 157. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about/1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1 158. The method of claim 1137, wherein the produced mixture iomprises non- 
condensable hydrocarbons, wherein a molafratio/f ethene to dkane in the non- 
condensable hydrocarbons is less tljan about 0.)o, and wher^iri pe ratio of ethene to 
ethane is greater than about O.Qf 

1 159. The method of claim 1137, wher/in the prpaucea mixture comprises condensable 
hydrocarbons, and wherein less than about 1 yd by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is^mtrogen. 

1 160. The method of claunJJ^T? wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by \*|eight when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1161. The method of olaim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wWerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 162. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons/ wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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1 163. The method of claim 1137, wherein the produced mixture comprisesxondensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 164. The method of claim 1 137, wherein the produced mixture Comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the'condensable 
hydrocarbons comprises multi-ring aromatics with more than/wo rings. 

1 165. The method of claim 1 137, wherein the gx^tmced /mixture comprises condensable 
10 hydrocarbons, and wherein less than abouJ>#3 % by weight of tlje co/idensable 

hydrocarbons are asphaltenes. 



to 



y 

Lid 



O 



1 166. The method of claim /137, wherein the produced/mixture comprises condensable 
hydrocarbons, and whereiryabout 5 % by weight to aipuj30 % by weight of the 

15 condensable hydrocarbor^s are cycloalkanesy 

1 167. The method of cljaim 1137, whei^in/tfie produced mixture comprises a non- 
condensable componentAwherein the ripn-condensable component comprises hydrogen, 
wherein the hydrogen is greateiUfcu/about 10 % by volume of the non-condensable 

20 component, and wherein the hydrc/gen is less than 
condensable component. / y 



about 80 % by volume of the non- 



25 



1 168. The method of clairr/l 137, wherein the produced mixture comprises ammonia, 
and wherein greater than aoout 0.05 % by weight of the produced mixture is ammonia. 

1 169. The method of/claim 1137, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1 1 70. The method of claim 1137, further comprising controlling a pressure within at 
30 least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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1171 The method of claim 1 137, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a^rtial pressure of H 2 
within the mixture is greater than about 0.5 bar. / 

1172. The method of claim 1171, wherein the partial pressufi of H 2 is measured when 
the mixture is at a production well. / 

1 173. The method of claim 1 137, further comprisins4ering a pressure within the 
formation to inhibit production of hydrocarbons fytpp**^ having carbon 

numbers greater than about 25. * \ 

1 174. The method of claim 1 137y^n /ntrolling fof^tion conditions comprises 
recirculating a portion of hydrog^ from ^ mixture/he formation. 

1 1 75. The method of clairh 1 137, fWther corpprising/ 

providing hydrogen (H 2 ) to/he heated sectior/to hydrogenate hydrocarbons 

within the section; and I / / I 

heating a portion ^4c1ion with heat frim hydrogenation. 

1 176 The method of clairn 1137, wherein the produced mixture comprises hydrogen 
and condensable hydro/rbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 177. The method of claim 1 137, heating the section comprises increasing a 
permeability oZ majority of the section to greater than about 100 millidarcy. 

1 178. Th/method of claim 1 137, wherein heating the section comprises substantially 
uniform/ increasing a permeability of a majority of the section. 
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1 1 79. The method of claim 1 1 37, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. . / 

1 1 80. The method of claim 1137, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1181. The method of claim 1137, further comprising priding heat fnpm three or more 
heat sources to at least a portion of the fonnatiory^fierein three or mdrfe of the heat 
sources are located in the formation in a unitof heat/sources, and ynerein the unit of heat 
sources comprises a triangular pattern/ / // 

1 182. The method of claim 1 1/37, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein mree or more of the heat 
sources are located in the fcpnation in a/unit oOleat sources, wherein the unit of heat 
sources comprises a triangular pattern; and><Tierein a plurality of the units are repeated 
over an area of the formatiosi to form^repetitive pattern :>f units. 

1 1 83 . A method of treating a/fiydrocarbon containing fon^ition in situ, comprising: 
providing heat frorn/ne or more heat sources to at least a portion of the 

formation; / 

allowing the hep to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing admixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



1 1 84. The method of claim 1183, wherein the one or more heat sources comprise at 
least twcfneat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 



1 185. The method of claim 1 183, wherein the one or more h^at sources comprise 
electrical heaters. 

1 186. The method of claim 1 1 83, wherein the one or rpore heat sources comprise 
surface burners. 

1 187. The method of claim 1 183, wherprfme ^ne or more heat/sources comprise 
flameless distributed combustors. 

1188. The method of claim/i 1 83, whep^in the one or r^r^heat sources comprise natural 
distributed combustors. 



1 1 89. The method of claim 1 1 8x further aemiprising 
temperature within at least a majority offhe selected section 
the pressure is controllers / fiijienon of temperature, 
a function of pressure. 



ontrolling a pressure and a 

of the formation, wherein 
or the temperature is controlled as 



1 190. The method ofxlaim 1 189, wherein controlling the temperature comprises 
maintaining the teir^perature within the selected section wftjiin a pyrolysis temperature 
range. 

1191. The rafethod of claim 1 183, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis 



1 1 92/ The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within th/ selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is 9^ual to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*Cv*p B 

wherein Pwr is the heating energy/day, h is an aVerage heating rate of the 
formation, p B is formation bulk density, and wherein £ne heating rate is less than about 10 
°C/day. 

1 193. The method of claim 1 1 83, wherein allj/wing the hea^/to transfer comprises 
transferring heat substantially byxonductior 



1 194. The method of claim 1 183, wherein providirfg/he&t from the one or more heat 
sources comprises heating the selecteci formation such that a thermal conductivity of at 
least a portion of the selected section is greafer than about 0.5 W/(m °C). 

1 195. The method or claim 1 l^Vwherein the produced mixture comprises condensable 



hydrocarbons havine an 



ravity of at least ab 



ut 25 c 



1 196. The method of cLaim 1 183, wherein the prodWed mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 197. The method of claim 1 1 83, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



1 198. The method of claim 1 183, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the rati 
ethane is greater than about 0.001 . / 



of ethene to 



1 199. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

1200. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfui^r^ >^ 

1201. The method of claim 1 183, wherein the produced nyxture comprises condensable 
hydrocarbons, wherein about 5 %oy weightao about 3p/°/<f by weight of the condensable 
hydrocarbons comprise oxygen containing compound/ and wherein the oxygen 
containing compounds comprise phenol/. / / 

1202. The method of claim 1 183, wherein Xh£ produced mixture comprises condensable 
hydrocarbons, and wherein greate/ than atxmt 20 % by weight of the condensable 
hydrocarbons are aromatic (SQm^oj^Rds. 



1203. The method of claim/l 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises/multi-ring aromatics with more than two rings. 

1204. The method pf claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, andAvherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1205. The/method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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1206. The method of claim 1 1 83, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the/non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1207. The method of claim 1 183, wherein the produced fixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the^produced mixture is ammonia. 

1208. The method of claim 1 183, wherein the prptlupecn^ture^omprises ammonia, 
and wherein the ammonia is used to producefemlizer. 



1209. The method of claim 1 183/further comprising controlling a pressure within at 
15 least a majority of the selected/section of/the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



20 



1210. The method of claim 1 1 837further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and wherein a partial pressure of H2 
within the mixture is greater than abouLaS bar. 



1211. The method of claim 1211, wherein the partial 
the mixture is at a production well. 



pressure of H2 is measured when 



25 1212. The method of claim 1 1 83, further comprising altering a pressure within the 
formation to inhibit/production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



30 



1213. The method of claim 1 183, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 
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1214. The method of claim 1 183, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hyd/ogenation. 

1215. The method of claim 1 183, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the methodftylhe^Wmpri^ing hydrogenating a portion of 
the produced condensable hydrocarixrfis with a0east a portio^ of the produced hydrogen. 



1216. The method of claim 1 183, whereirr allowing the heat to transfer comprises 
increasing a permeability of a majority 0/ the selected ^ecti^n to greater than about 100 
millidarcy. 



1217. The method 
substantially u: 



h*at 



of claim 1 183 /wherein allowing the 
niforfnly increasing a permeability of a majority 



to transfer comprises 
of the selected section. 



1218. The method of clainyl 183 v further comprising controlling the heat to yield greater 
than about 60 % by wei£ 
Assay. 



^Condensable hydrocarbons, as measured by the Fischer 



1219. The method pf claim 1 183, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation foi/each production well. 

1220. The method of claim 1 183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources/comprises a triangular pattern. 



122F. The method of claim 1 183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality or the units are repeated 
over an area of the formation to form a repetitive pattern of umts. 



1222. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to/at lea^ta-pqrtion of the 
formation; 

allowing the heat to transfer from the,#ffe oi/more heat sources A to a selected 
section of the formation; and 

producing a mixture from tb& formation/ wherein the produced mixture comprises 
condensable hydrocarbons, and/wherein less man about 1 % by ye/ght ; when calculated 
on an atomic basis, of the condensable hydrocarbons is oxyger 



1223. The method of claim 1222, wherein the one or rnore heat sources comprise at 
least two heat sources. And wherein si/perposition ofneat from it least the two heat 
sources pyrolyzes at lqfast some hydrocarbons \jaihin the selected section of the 
formation. 



1224. The method of cla 
electrical heaters. 



^wherein the one or more heat\sources comprise 



1225. The method of 9laim 1222, wherein the one or more heat sources comprise 
surface burners. 

1226. The method of claim 1222, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1227. The/method of claim 1222, wherein the one or more heat sources comprise natural 
distributee combustors. 
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1228. The method of claim 1222, further comprising controlling a/pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1229. The method of claim 1228, wherein controlling th/ temperature comprises 



maintaining the temperature within the selected sectiorjywimin a pyre 
range. 



ysis temperature 



10 1230. The method of claim 1222, further comprising controllinjgythe heat such that an 
average heating rate of the selecte^section is le^s than about j/°<£ per day during 
pyrolysis. 



ry 20 



25 



123 1 . The method of clainV 1222, whereiiv providing heat frqm the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected ivolume (V) of the hydrocarbon containing formation from the 
one or more heat sources! wherein the^ forptfation has an average heat capacity (C v ) ? and 
wherein the heating pyro^yzes at le^sj^ome hydrocarbons wijthin the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is ^qual to or less than Pwr, 
wherein Pwr is calculated by jme equation: 
Pwr = h*V*C v *p B 

wherein Pwr is th/heating energy/day, h is an average heatiiW rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 



1232. The method of claim 1222, wherein allowing the heat to transfer comprises 
transferring hea/substantially by conduction. 
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1233. The method of claim 1222, wherein providing heat from the one pr more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). / 



1234. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1235. The method of claim 1222, wherein the produced^fnxture^omprises condensable 
hydrocarbons, and wherein about 0.1 % by weighpto ^oout \5//</by weight of the 
condensable hydrocarbons are olefins. 

1236. The method of claim 1222, wherein the Aodiuz£d m/xture comprises non- 
condensable hydrocarbons, and wKerein about O.l^o by v^eight to about 15 % by weight 
of the non-condensable hydrocarbons are oiefir 



1237. The method of claim 
condensable hydrocarbons, 



1222, wherein the produced mixture comprises non- 



4ierein>#rnolar ratio of et 



ene to ethane in the non- 
wherein the ratio of ethene to 



condensable hydrocarbons is less/ftian about 0.15, and 
ethane is greater than about 0.0(31 . 



1238. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1239. The method/of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, ana wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1240. The/method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1 24 1 . The method of claim 1 222, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1242. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by vveighroFtfie condensable 
hydrocarbons are aromatic compounds. 



jy^ei^hrof^e 



1243. The method of claim 1222, whereiiyme produced mixture comprises condensable 
hydrocarbons, and wherein less than atout 5 % by weight/bf tjie condensable 
hydrocarbons comprises multi-ring ammatics with more than/two rings. 



1244. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein leafs than ab$mt 0.3^0 by weighjf of the condensable 
hydrocarbons are asphaltene< . 



1245. The method of claim \222( wherein the produced 
hydrocarbons, and wherein abomS % by weight to about 
condensable hydrocarbons arer cycloalkanes. 



mixture comprises condensable 
0 % by weight of the 



1246. The method of claim 1222, wherein the produced nAixture comprises a non- 
condensable component; wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen/is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1247. The met/nod of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1249. The method of claim 1222, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H/, whej^hra^partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1251. The method of claim 1 250, whereii>/£he partial pressur^f H 2 is measured when 
the mixture is at a production well. 



1252. The method of claim 1 222/ farther c/omprisineXltei 
formation to inhibit production o^f hydrocarbons from the 
numbers greater than about 25 



lg a pressure within the 
)rmation having carbon 



1 253. The method of claim 1222. ^hej^in controlling formation conditions comprises 
recirculating a portion of hydroge^ from the mixture into the formation. 



1254. The method of claim V222, farther comprising: 

providing hydrogen /H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portior/of the section with heat from hydrogenation. 



1255. The method pi claim 1222, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method farther comprising hydrogenating a portion of 
the produced coridensable hydrocarbons with at least a portion of the produced hydrogen. 
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1256. The method of claim 1222, wherein allowing the heat to transfer/comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 



1257. The method of claim 1222, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majopfty of the selected section. 

1258. The method of claim 1222, further comprising c6ntrolliM the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1259. The method of claim 1222, wKerein producing tt^m/xture comprises producing 
the mixture in a production welL^nd whereij/ at least ^Coowfl heat sources are disposed in 
the formation for each production well. 



1260. The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in thjb formatioil in/funit of heat pources, and wherein the unit of heat 
sources comprises a triangular psita 

1261. The method of claim/l 222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1262. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 
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producing a mixture from the formation, wherein the produced/mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. / 



1263. The method of claim 1262, wherein the one or moreiieat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within th^e selected section of the 
formation. 

1264. The method of claim 1262, wherein the ^rje^f more heat^qfurces comprise 
electrical heaters. 

1265. The method of claim 12§2; wher^n the one or/more/neat sources comprise 
surface burners. 



1266. The method of claim 1262/whereip/fhe one or pore heat sources comprise 
flame less distributed combustor/ 



1267. The method of cT 
distributed combustors. 



262, wherein the one or more heat sources comprise natural 



1268. The method eff claim 1262, further comprising controlling a pressure and a 
temperature withi/ at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of /pressure. 



1269. Tme method of claim 1268, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
rans(e. 
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1270. The method of claim 1262, further comprising controlling the heat into such that 
an average heating rate of the selected section is less than about 1 °C tier day during 
pyrolysis. / 



1271. The method of claim 1 262, wherein providing heat frojn the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon o6ntaining formation from the 
one or more heat sources, wherein the formation has an Average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocapl^Ms within tp selected volume of 
the formation; and 

wherein heating energy/day provided to tl^ volume^ e^ual to or less than Pwr, 
wherein Pwr is calculated by the ^efuation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/c&y, hjd anAverage heating rate of the 
formation, p B is formatioiybulk density, ^hdyhereii/the heating rate is less than about 10 

°C/day. 

1272. The method of c\aim 1^6^fwherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1273. The method of claim 1262, wherein providing heat from the one or more heat 
sources comprises heating the selected formation stieirthat a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1274. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1275. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1276. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. / 



1277. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethepfe to ethane in the non- 
condensable hydrocarbons is less than about 0.15, andywhgi^krthe-ratio of ethene to 
ethane is greater than about 0.001. 

1278. The method of claim 1262y^herein the produced mix#i/e comprises condensable 
hydrocarbons, and wherein les/than about 1 % by weight/w^en calculated on an atomic 
basis, of the condensable hydrocarbons is rmrogen. 

1279. The method of claim 1262, wherein the^roduced mixture comprises condensable 
hydrocarbons, and wherein less than /bout y% by weight, when calculated on an atomic 
basis, of the condensable hydrocarj/on^is oxygen. 

1280. The method of claim 12:62, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % bV-vveight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds Comprise phenols. 

1281. The methooof claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, ami wherein greater than about 20 % by weight of the condensable 
hydrocarbons /re aromatic compounds. 



1282. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1283. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 



1284. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 3jJ % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1285. The method of claim 1262, wherein the pradd^ed mixtureVomprises a non- 
condensable component, wherein the non-cprdenssu)le component comprises hydrogen, 
wherein the hydrogen is greater than about 10 °/<A)y volume omne non-condensable 
component, and wherein the hydptfgen is less pan about Sjjfo py volume of the non- 
condensable component. 

1286. The method of cl/im 1262, wherein the^produoed mixture comprises ammonia, 
and wherein greater thaai about 0.05 % by Weight of /he produced mixture is ammonia. 

1287. The method off claim 1262^wherein the produced mixture comprises ammonia, 
and wherein the ammWiia is^fd to produce fertilizer. 



1288. The method of claim 1262, further comprising controlling a pressure within at 
least a majority of the sel/cted section of the formation, wherein the controlled pressure 
is at least about 2.0 bar/absolute. 



1289. The method/of claim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

1290. Thf method of claim 1289, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 
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1 29 1 . The method of claim 1262, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formatioEf having carbon 
numbers greater than about 25. / 



1292. The method of claim 1262, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into tne formation. 



1293. The method of claim 1262, further comprising 

providing hydrogen (H2) to the heated secti 
within the section; and 

heating a portion of the sec ti^tf with heat^from hydrofeenation. 



drogenate hydrocarbons 



1294. The method of claim4262, whereinAe producedrchixture comprises hydrogen 
and condensable hydrocan>ons, the method further comprising hydrogenating a portion of 
the produced condensate hydrocarbons with at least a portion of the produced hydrogen. 

1295. The method of claim 1262,/wherein^llowing the heat to transfer comprises 



increasing a permeability of a majority ^>f the selecy 
millidarcy. 



;ed section to greater than about 1 00 



1296. The method of claim 1262, wherein allowing the heat to transfer comprises 
substantially uniformly ^creasing a permeability a^ajmjority of the selected section. 

1297. The method/6 f claim 1262, further comprising controlling the heat to yield greater 
than about 60 % \fy weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



1298. Theymethod of claim 1262, wherein producing.the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1299. The method of claim 1262, further comprising providing heat frpm three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and \ynerein the unit of heat 
sources comprises a triangular pattern. 

1300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whereir/three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein plurality of the units are repeated 
over an area of the formation to form a repetitive pattern_of units. 



on in situ, comprising: 
with one or more heat 



mperature, wherein heat is 
ibit olefin production; 
rmatioi/, wherein the first mixture comprises 



1301. A method of treating a hydrocarbon containing for 

raising a temperature of 
sources to a first pyrolysis temperature 

heating the first section 
supplied to the first sec 

producing a firyst mixture 
condensable hydroca: 

creating a second mixmre from the first mixture, wherein the second mixture 
comprises a higher conQenti#ti£>n of H 2 than the fjrst mixture; 

raising a temperature of a second section 
sources to a second pyrolysis temperature; 

providing a portion of the second mixture to the second section; 
heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 
producii/g a third mixture from the second section. 



f the formation with one or more heat 



1302. The/method of claim 1301, wherein creating the second mixture comprises 
removine/condensable hvdrocarbons from the first mixture. 
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1303. The method of claim 130L wherein creating the second mixturexomprises 
removing water from the first mixture. / 



1304. The method of claim 1301, wherein creating the second pciixture comprises 
removing carbon dioxide from the first mixture. 

1305. The method of claim 1301, wherein the first pyro^ysis temperature is greater than 
about 270 °C. 

1306. The method of claim 130L wherein the^e^nd pyrolysis tjbmperature is greater 
than about 270 °C. 

1307. The method of claim 13(^ wherein tj/e upper py^lysis temperature is about 500 
°C. 



1308. The method of claim 1301, wherein the one of more heat sources comprise at 
least two heat sources, and wherein superpos^ion off heat from at least the two heat 
sources pyrolyzes at le£st some hydrocarbons withip the first or second selected section 
of the formation. 

1309. The method of claim /301, wherein the one\jr more heat sources comprise 
electrical heaters. 



1310. The method of 9iaim 1301, wherein the one or more heat sources comprise 
surface burners. 

1311. The method of claim 1301, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1312. The method of claim 1301, wherein the one or more heat sources comprise natural 
distributed/combustors. 
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1313. The method of claim 1301, further comprising controlling^ pressure and a 
temperature within at least a majority of the first section and the second section of the 
formation, wherein the pressure is controlled as a function or temperature, or the 
temperature is controlled as a function of pressure. 

1314. The method of claim 1301, further comprising controlling the heat to the first and 
second sections such that an average heating rate pf the first and second sections is less 
than about 1 °C per day during pyrolysis. 



1315. The method of claim 1301, wh^rdiyheating the first £nd the second sections 
comprises: 

heating a selected voldme (V) a£ the hydrocarbon dontaining formation from the 
one or more heat sources^ therein the formation ha^an average heat capacity (C v ), and 
wherein the heating pyrolyzes at l^ast some hyd^ooarbons within the selected volume of 
the formation; and 

wherein tieating energ//day provided to t/ie volume is equal to or less than Pwr, 
wherein Pwr iy calculated bjy the equation: 
Pwr = h*V*C v *p. 

wherein Pwr is me heating energy/day 
formation, p B i^fQimgfti^ density, and wh 
°C/day. 



h is an average heating rate of the 
jrein the heating rate is less than about 10 



1316. The memod of claim 1301, wherein heating the first and second sections 
comprises transferring heat substantially by conduction. 

1317. Tjae method of claim 1301, wherein heating the first and second sections 
comprises heating the first and second sections such that a thermal conductivity of at least 
a port/on of the first and second sections is greater than about 0.5 W/(m °C). 
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1318. The method of claim 1301, wherein the first or third mixture/comprises 
condensable hydrocarbons having an API gravity of at least about/25°. 



1319. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

1 320. The method of claim 1301 , wherein the first/or third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0(001 to about 0.15. 

1321. The method of claim 1301, whprdii the first or third mixture comprises 
condensable hydrocarbons, and^^rein/ess than about 1 % by weight, when calculated 
on an atomic basis, of the^ndensable/hydrocarbons is Aitrogen. 

1 322. The methoQ of claim 1301 /wherein the fLrst or third mixture comprises 
condensable hydrocarbons, and therein less imn about 1 % by weight, when calculated 
on an atomic/basis, of the condensable hydmcarbons is oxygen. 



1323. THe method of claim 1301,3/herein pe first or third mixture comprises 
condensable hydrocarbons, and/wherein lesfc than about 1 % by weight, when calculated 
on an atoi^ic^s^ hydrocarbons is sulfur. 

1324. The methoyd of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, wherein about 5\% by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen csmtaining compounds, and wherein the 
oxygen containing compounds comprise phenols. 



1325. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
cond/nsable hydrocarbons are aromatic compounds. 
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1326. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



1327. The method of claim 1301, wherein the first or mird mixture comprises 
condensable hydrocarbons, and wherein less than abjmt 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

1328. The method of claim 1301, whepdn th/ first or thifd mixture comprises 



condensable hydrocarbons, and wherein about 5 % by wc 
the condensable hydrocarbons are cycloallcanes. 



ght to about 30 % by weight of 



1 329. The method of/laim 1301, wherein the firs/rf/third mixture comprises a non- 
condensable compoi^ent, and wherein the non-c0ndensable component comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and wbferein th^hydroge/i is less than about 80 % by volume of 
the non-condensa }le component. 

1330. The method of^Mm 1301, wherein the fiW or third mixture comprises ammonia, 
and wherein greater thah about 0.05 % by weight orHhejiroduced mixture is ammonia. 



1331. The methog of claim 1301, wherein the first or third mixture comprises ammonia, 
and wherein the §tfnmonia is used to produce fertilizer. 



1332. The iriethod of claim 1301, further comprising controlling a pressure within at 
least a majority of the first or second sections of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 
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1333. The method of claim 1301, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



1334. The method of claim 1333, wherein the partial pressure of H2 within a mixture is 
measured when the mixture is at a production well. 



10 



1335. The method of claim 1301, further comprisingyitering a pressure within the 
formation to inhibit production of hydrocarbons fropi the formation having carbon 
numbers greater than about 25. 



u 

w 

B 

Q 
iU 



1336. The method of claim 1301, gtffher comprising: 
providing hydrogen (H^fo the first/or second section ^/hydr^genate 

hydrocarbons within the fir^x or second section; and 
15 heating a portion/of the first or/econd section with hfiat from hydrogenation. 

1337. The method of claim 1301 /further comprising: 
producing Hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the procWced condensable hydrocarbons with at least a 



20 portion of the pro< 



uced hydrogen 




1338. The method of dSim 1301, further comprising ih^asing-a'permeability of a 
majority of the first or/second section to greater than about 100 millidarcy. 



25 1339. The method of claim 1301, further comprising substantially uniformly increasing 
a permeability of a majority of the first or second section. 

1340. The method of claim 1301, wherein the heating is controlled to yield greater than 
about 60 °/J by weight of condensable hydrocarbons, as measured by the Fischer Assay. 



30 



464 



Conley, Rose & Tayon. P.C. 



1341. The method of claim 1301, wherein producing the first or third mixture comprises 
producing the first or third mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. / 



1342. The method of claim 1301, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whereir/three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 343 . The method of claim 1301, further contpri^ing providing heat from three or more 
heat sources to at least a portion of thHormatiorf, wherein three or more of the heat 
sources are located in the formati<5n in a unit of heat sources/ wherein the unit of heat 
sources comprises a triangular pattern, and Wherein a plura|Lfy of the units are repeated 
over an area of the formation to form a repetitive pattern/of units. 



1 344. A method of treating a hyd 
providing heat /from one or 

formation; 

allowing the h 



rocajrtxm containing tormation in situ, comprising: 
iirces \h at least a portion of the 



sat to transjfer tjtfm the one or tfiore heat sources to a selected 
section of the formation^ — 

producing a mixture fifom the formation; and 

hydrogenating a portion of the produced mixture with H2 produced from the 
formation. 



1345. The method oi claim 1344, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyze^at least some hydrocarbons within the selected section of the 
formation. 



1346. The method of claim 1344, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1 347. The method of claim 1 344, wherein the one or more heat Sources comprise 
electrical heaters. / 



1348. The method of claim 1344, wherein the one or movp heat sources comprise 
surface burners. 

1 349. The method of claim 1 344, wherein the one more heat sources comprise 
flameless distributed combustors. 



1350. The method of claim 1 344, wherein the/ong 
distributed combustors. 



lore heat sources comprise natural 



1351. The method of claim 1344, furthe/ comprisine^ontrolling a pressure and a 
temperature within at leasta majority of the selected Section of the formation, wherein 
the pressure is controljed as a fiinctio^i of temp^rati^re, or the temperature is controlled as 
a function of pressuc 

1352. The method of claim 13^4, fjjfther comprising controlling the heat such that an 
average heating rat^of the se^pt£d section is lejss than about 1 °C per day during 
pyrolysis. 



Vki i 



1353. The method of claim 1344, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pvyf is calculated by the equation: 
pJr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1354. The method of claim 1344, wherein allowing the hpat to transfer comprises 
transferring heat substantially by conduction. / 

1355. The method of claim 1344, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater thaj>al!5out0.5 W/fo °C). 

1356. The method of claim 1344fwherein tne produced mixture comprises condensable 
hydrocarbons having an APFgravity of at /east about 25V / 

1357. The method ojclaim 1344, wherein the tfroduoed mixture comprises condensable 
hydrocarbons, and wherein about OA % by v/eight ta about 15 % by weight of the 
condensable hydrocarbons are olefins. / / 

1358. The method\<3fdau^ the produced mixture comprises non- 
condensable hydrocarbons,/and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.OOHo-about 0.15. 

1359. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1360. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tne condensable hydrocarbons is oxygen. 
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1361 . The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1362. The method of claim 1344. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, ana wherein the oxygen 
containing compounds comprise phenols. 



CO 



10 1363. The method of claim 1344, wherein thejjr^fttuced mixture comprises condensable 
hydrocarbons, and wherein greater than^Wnit 2fi % by weight ofyhe condensable 
hydrocarbons are aromatic compcmrfas. 

1364. The method of claiin 1344, wherein the produced mature comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weighvof the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

1365. The method <pf claim 1344, wherein the^prodi/ced mixture comprises condensable 
hydrocarbons, and wherein less than abou^0.3 % by/weight of the condensable 

20 hydrocarbons are asphaltene/. 



25 



1366. The method of claim 1344, wherein the produced^mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1367. The method of claim 1344, wherein the produced mixture comprises a non- 
condensable cc/mponent, wherein the non-condensable component comprises hydrogen, 
wherein the Hydrogen is greater than about 1 0 % by volume of the non-condensable 
component; and wherein the hydrogen is less than about 80 % by volume of the non- 
condensaole component. 
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1368. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced rnixture is ammonia. 



1369. The method of claim 1344, wherein the produced mi^Uire comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1370. The method of claim 1344, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1371. The method of claim 1344, furthef^mprising controlling formation conditions to 
produce the mixture, wherein a paptfal pressure of H 2 \yu#in the mixture is greater than 
about 0.5 bar. 

1 372. The method of claim 1 344,/wherein rite partial pressure of H2 within the mixture 
is measured when the/mixture is it a production well. 

1373. The method of claim/l 34^/further comprising altering a pressure within the 
formation to inhibit p^nxiu^km of hydrocarbqns from the formation having carbon 
numbers greater than about 25. 

1374. The methoc^f claim 1344, further cjomprising: 
providina/nydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1375. /The method of claim 1344, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
miwidarcv. 
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1376. The method of claim 1344, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majoritv/6f the selected section. 



1377. The method of claim 1344, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbo/fs, as measured by the Fischer 
Assay. 

1378. The method of claim 1344, wherein producing the mixture comprises producing 
the mixture in a production well, and wherejrtarteastlityout 7 heat sources are disposed in 
the formation for each production v/e 

1379. The method of cla^m 1344, further comprising providing heat from three or more 
heat sources to at least/a portion offthe formation, vyaerein three or more of the heat 
sources are located m the formation in a unit of>neat sources, and wherein the unit of heat 
sources comprise^ a triangula/ pattern. 



1380. The method of claim 1344, ftfrther comprising providing heat from three or more 



heat sources to at least ,a portiojyof the forma 
sources are locate4 m the^tfrmation in a unit 
sources comprises^ triangular pattern, and w 



ion, wherein three or more of the heat 
of heat sources, wherein the unit of heat 
lerein a plurality of the units are repeated 



over an area of tKe formation to form a repetitive pattern of units. 

1381. A merhod of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of the formation; 
Producing H2 from the first section of formation; 
heating a second section of the formation; and 

recirculating a portion of the H2 from the first section into the second section of 
thfe formation to provide a reducing environment within the second section of the 
formation. 
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1382. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. / 



1383. The method of claim 1381, wherein heating the first sectic^n or heating the second 
section comprises heating with a surface burner. 

1384. The method of claim 1381, wherein heating the first/section or heating the second 
section comprises heating with a flameless distributed combustor. 

1385. The method of claim 1381, wherein heatingd^irst section) or heating the second 
section comprises heating with a natural distpbuteca combustor. 

1 386. The method of claim 1381 , filrther comprising controJMif^ a pressure and a 
temperature within at least a maiority of theyfirst or second^sectton of the formation, 
wherein the pressure is controlled as a filiation of temperatur^p, or the temperature is 
controlled as a function of pressure. 



1387. The method of claiih 1381, frrther 
average heating rate of the ft*st oj^se 
pyrolysis. 



mpnsing controlling the heat such that an 
section is less tjian about 1 °C per day during 



1388. The method of clairft 1381, wherein heating the first section or heating the second 
section further comprises 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr : 
wherein Pw/is calculated by the equation: 
= h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating/rate is less than about 10 

°C/day. 

1 389. The method of claim 1381, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 



10 



1390. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating the formation sudi^nSfatheimal conductivity of at least a 
portion of the first or second section^Sgreater than about 0.5 W/(m °C). 



15 
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1391. The method of claim 1381, further comprisin^producing a mixture from the 
second section, wherem the produced mixture comj^rises condensable hydrocarbons 
having an API gravity of at least aoout 25°. 



1392. The method of claim /381, furthe^xomp! 
second section, /vherein the^ produced/mixture cc 



wherein about C 
are olefins. 



.1 % by weight tcvtbout 15 % by 



sing producing a mixture from the 
mprises condensable hydrocarbons, and 
weight of the condensable hydrocarbons 



1393. The method of claim 1381, further comprising producing a mixture from the 
second section, therein the produced mixture comprises non-condensable hydrocarbons, 
and wherein arnolar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges frorr/about 0.001 to about 0.15. 

1394. Tlhe method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
co/ndensable hydrocarbons is nitrogen. 



30 
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1395. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensate hydrocarbons, and 
wherein less than about 1 % by weight when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

1 396. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



15 



1397. The method of claim 1381, furtJjeT comprising producingi/mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weighuo about 10 % by weight of tj*e condensable hydrocarbons 
comprise oxygen containiijg compoujras, and wherein jhe oxygen containing compounds 
comprise phenols. 



1 398. The method otf claim 128 1 , further comprising producing a mixture from the 
second section, wherein the Produced mixture comprises condensable hydrocarbons, and 
wherein greater than About 20 % ^weight of the condensable hydrocarbons are aromatic 

20 compounds. t 

1 399. The metho4/of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 

25 ring aromatic^ with more than two rings. 
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1 400. The method of claim 1381, further comprising producing a mixture from the 
second' section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asmialtenes. 
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1401. The method of claim 1381, further comprising producing admixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

1402. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises iajiorhcondensable component, 
wherein the non-condensable component comprise^iiydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the nprf^^densabl/^ and wherein the 
hydrogen is less than about 80 % by ypiume 9/ the non-^pxlensable component. 

1403. The method of claim 1/81, furthe/ comprise/producing a mixture from the 
second section, wherein the/produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the p/oducecn mixture is ammonia. 



1404. The method of ^laim 138/, further comprispn 
second section, wherei^t the protiucfed mixture comprises 
ammonia is used to produce^rtilizer. 



g producing a mixture from the 
ammonia, and wherein the 



1405. The method of claim 1381, further comprisin&controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least a&out 2.0 bar absolute. 

1406. The method of claim 1381, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the nafixture is greater than about 0.5 bar. 



1407. ylhe method of claim 1406, wherein the partial pressure of H 2 within a mixture is 
measj/red when the mixture is at a production well. 
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1408. The method of claim 1381, further comprising altering a pressu/e within the 
formation to inhibit production of hydrocarbons from the formation paving carbon 



numbers greater than about 25. 



/ 



1409. The method of claim 1381, further comprising: 
providing hydrogen (H2) to the second section to hycjrogenate hydrocarbons 

within the section; and 

heating a portion of the second section with heat^from )jydrogenation. 

1410. The method of claim 1381, further comprising: 
producing hydrogen and condensable hydrocarbafi^ from the formation; and 
hydrogenating a portion of tlje produce^ conder/s^ole hydrocarbons with at least a 

portion of the produced hydrogen/ 



1411. The method of claim 1 38 1 , wherein heating the First section or heating the second 
section comprises increasing a permeability o/a majority of the first or second section, 



respectively, to greater than abput \y0 mijiidarcy. 



1412. The method of claim 1384, wherein heating the fikt section or heating the second 
section comprises substantially/ uniformly increasing a permeability of a majority of the 
first or second section, respectively. 



1413. The method of claim 1381, further comprises controlling the heating of the first 
section or controlling me heat of the second section to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by the Fischer Assay. 



1414. The method of claim 1381, further comprising producing a mixture from the 
formation in a/production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1415. The method of claim 1381, further comprising providing he#t from three or more 
heat sources to at least a portion of the formation, wherein three/or more of the heat 
sources are located in the formation in a unit of heat sources/and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



1416. The method of claim 1381, further comprisin^prevtdiqg heat from three or more 
heat sources to at least a portion of the formatiorC/wherein th^ee pr more of the heat 
sources are located in the formation in aAmit of Jieat sourc^, wherein the unit of heat 
sources comprises a triangular pattefh, and wtferein a plurality of the units are repeated 
over an area of the formation m form a repetitive pattern of units. 
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1417. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing hea y f from one or ij*ore heat s^ur^es to at least a portion of the 
formation; 

1 5 allowing tlie heat to trar^fer from )Ke on£ or more heat sources to a selected 

section of the formation; 

producing a mixtu^ from tl^ formation); and 

controlling formation conditions such that the mixture produced from the 
formation comprises ^ondej^able hydrocarbons including H 2 , wherein the partial 
20 pressure of H? withifiThe mixture is greater than about 0.5 bar. 



25 



1418. The method of claim 1417, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



30 



14 Y), The method of claim 1417, wherein controlling formation conditions comprises 
<aintaining a temperature within the selected section within a pyrolysis temperature 
f range. 
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1420. The method of claim 1417, wherein the one or more heat sources comprise 
electrical heaters. 

1421. The method of claim 1417, wherein the one or more heat s/urces comprise 
5 surface burners. 



1422. The method of claim 1417, wherein the one or mor^/heat sources comprise 
flameless distributed combustors. 

10 1423. The method of claim 1417, wherein jh^one <ft more heat souj^tes comprise natural 
distributed combustors. 
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1424. The method of claim 1417( further comprising controlling a pressure and a 
temperature within at least a majority of the selected secucfn of the formation, wherein 
the pressure is controlled as a /function ot temperature, or the temperature is controlled as 
a function of pressure. 

1425. The method of claini 14l/, furthp/comprising (controlling the heat such that an 



average heating rate of the sel^ 
pyrolysis. 



Section is less than 



\^bout 1 °C per day during 



30 



1426. The method of cj&im 1417, wherein providing heat from the one or more heat 
sources to at least the^ortion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat/sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wjtferein heating energy/day provided to the volume is equal to or less than Pwr. 
whereii* Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. / 

1427. The method of claim 1417, wherein allowing the heap to transfer comprises 
transferring heat substantially by conduction. / 

1428. The method of claim 1417, wherein providing4ieat from the one or more heat 
sources comprises heating the selected section suchr that a thermal-conductivity of at least 
a portion of the selected section is greater than apout .QJSw/(m °C). 

1429. The method of claim 1417, wherptfyfhe produced mixti^ comprises condensable 
hydrocarbons having an API gravity'of at/least about 25°. 

1430. The method of claim/1417, wherein the prodi^d/mixture comprises condensable 
hydrocarbons, and wherein about y.\ % by weigljfto al/out 15 % by weight of the 
condensable hydrocarbons are olefins. 

1431. The method of claimA 4 1 7^^nerein the produced mixture comprises non- 
condensable hydrocarbons; and wherein a molar raiio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1432. The method 6f claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, andAvherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1433. The idethod of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, o/the condensable hydrocarbons is oxygen. 
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1434. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calcinated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 1435. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % py weight of the condensable 
hydrocarbons comprise oxygen containing compounds, dpd wherein the oxygen 
containing compounds comprise phenols. 

10 1436. The method of claim 1417, wherein the prg&tfced mixture jcomprises condensable 
hydrocarbons, and wherein greater than aty&m Ip % by weight of/fiie condensable 
hydrocarbons are aromatic compounds. 

1437. The method of claim/1417, wherein the produp^d mixture comprises condensable 
15 hydrocarbons, and wherei/ less than about 5 % by^weigWt of the condensable 
hydrocarbons comprises/multi-ring ^omatics'with mo/e than two rings. 



20 
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1438. The method of ilaim 1^7,/Wierein the produced mixture comprises condensable 
hydrocarbons, and whereinTS§s than about 0.3 % \jy weight of the condensable 
hydrocarbons are asphaltenes. 

1439. The method ofixlaim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and vvherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1440. The rnethod of claim 1417, wherein the produced mixture comprises a non- 
condensajzfle component, wherein the non-condensable component comprises hydrogen, 
whereiri the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
coiadensable component. 
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1441. The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1442. The method of claim 1417, wherein the produced mi?^ture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1443. The method of claim 1417, further comprising/6ontrolling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1444. The method of claim 1417, furtl^efcomprising altering a pressure within the 
formation to inhibit production o^ydroc^ons from t)ie/formation having carbon 
numbers greater than about 
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1445. The method of claim 141 7, therein controlling formation conditions comprises 
recirculating a portion/of hydrogen from the mixture into the formation. 



1446. The method c f claim/1 4 17yfurt her compri^ 
providing hyoroge/(H^to the heated sect 
within the section; and 



ng: 

on to hydrogenate hydrocarbons 



heating a porti/n of the section with heat fr^rn hydrogenation. 

1447. The methoa of claim 1417, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1448. The method of claim 1417, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1449. The method of claim 1417, wherein allowing the heat to^ransfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1450. The method of claim 1417, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

145 1 . The method of claim 1417, wherein producipg^he mikture comprises producing 
the mixture in a production well, and wherejj^at least about ^peat sources are disposed in 
the formation for each production wd 

1452. The method of clainar 141 7, furtKer comprising providing heat from three or more 
heat sources to at least a/portion of the formation/wherein three or more of the heat 
sources are located inahe formatiori in a unit pf heat souses, and wherein the unit of heat 
sources comprises a/triangular pattern. 

1453. The methoaof clainv!41 7<wther comprising providing heat from three or more 
heat sources to at least-a^i^rtfon of the formation, wherein three or more of the heat 
sources are located in xhp formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1454. The method of claim 1417, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1455. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
sec/ion of the formation: 



481 



Conley, Rose&Tayon. PC 



maintaining a pressure of the selected section above atmospheric pressure to 

/ 

increase a partial pressure of H: ? as compared to the partial pressure/of H2 at atmospheric 
pressure, in at least a majority of the selected section; and / 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 



1456. The method of claim 1455, wherein the one or mo/e heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within £ne selected section of the 
formation. 

1457. The method of claim 1455, furthepdomp^ising maintaining a temperature within 
the selected section within a pyrolysi^temperature rang 

1458. The method of claim where/n the grie 01/more heat sources comprise 
electrical heaters. 



1459. The method of claim 1455,XvJaerein the one or more heat sources comprise 
surface burners. 



1460. The method of claim/1455, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1461. The method otfclaim 1455, wherein the one or more heat sources comprise natural 
distributed combustors. 



1462. The memod of claim 1455, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



482 



Conley, Rose & Tayon. P.C. 



1463. The method of claim 1455, further comprising controlling me heat such that an 
average heating rate of the selected section is less than about 1 °y per day during 
pyrolysis. / 



1464. The method of claim 1455, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (F) of the hydrocarbori containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydroca/bons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to^e^oluhie is equal to or less than Pwr, 



Pwr = h*V*C v *p B / / ft 

wherein Pwr is the heatmg energy/clay, h is/an average heating rate of the 
formation, p B is formation hmk density, afrd wherein the heating rate is less than about 10 

°C/day. / / 

1465. The method or claim 1455,ywh£rein allowing the heat to transfer comprises 
transferring heat substantially by induction./ 

1466. The method of claim /455, wherein providing heat from the one or more heat 
sources comprises heating tne selected section such that a thermal conductivity of at least 
a portion of the selected section is greater tmn about 0.5 W/(m °C). 



1467. The method oc claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1468. The method of claim 1455, wherein the produced mixture comprises non- 
condensah/e hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condens/ble hydrocarbons ranges from about 0.001 to about 0.15. 



wherein Pwr is calculated by the equation; 
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1469. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1470. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



■ n 
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1471. The method of claim 1455. whereirrihe produced mixture comprises condensable 
hydrocarbons, and wherein less thajK^bout 1 %r by weigty/Wyhen calculated on an atomic 
basis, of the condensable hydrcxfarbons is sumir. 

1472. The method of giaim 1455, wherein the pfoduced mixture comprises condensable 
15 hydrocarbons, wherein about 5 % by weight io about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing- compounds, and wherein the oxygen 
containing compounds comprise phenyls. 



1473. The method of claim/^55, wherein the pr 
20 hydrocarbons, ahd^wher^irt^greater than about 20 
hydrocarbons are aromatrc compounds. 



duced mixture comprises condensable 
p /o by weight of the condensable 



25 



1474. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, andywherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1475. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



30 
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1476. The method of claim 1455, wherein the produced mixture copprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % byweight of the 
condensable hydrocarbons are cycloalkanes. 

1477. The method of claim 1455, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by wflume of the non-condensable 
component, and wherein the hydrogen is less than ^bout 80 % by volume of the non- 
condensable component. 

1478. The method of claim 1455, wherein tfie produced .texture comprises ammonia, 
and wherein greater than about % bv/weight of t\ye produced mixture is ammonia. 

1479. The method of cl#im 1455, wHerein thej&oduc^d mixture comprises ammonia, 
and wherein the ammonia is used to producyfertilizei 1 

1480. The method of claim 1/55, fynher comprising controlling the pressure within at 



least a majority 
is at least about 



)f the selected sejziion of the formation, wherein the controlled pressure 
2.0 bar absolute. 



V 



1481. The method of claim 1455, further comprising increasing the pressure of the 



selected section, to an upper limit of about 21 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation. 



1482. The method of claim 1455, further comprising decreasing pressure of the selected 
section, to 1 lower limit of about atmospheric pressure, to increase an amount of 
condensable hydrocarbons produced from the formation. 



1483/ The method of claim 1455, wherein the partial pressure comprises a partial 
pressure based on properties measured at a production well. 
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1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 



1485. The method of claim 1455. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture pto the formation. 

1486. The method of claim 1455, further comprising 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section witMie^t from hy^rogenation. 

1487. The method of claim 145X™rtheryComprisins# 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the jproduce^opdensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1488. The method of claim 145i>, wherein allowing the heat to transfer comprises 
increasing a penjieability of a pzyority of the ^elected section to greater than about 100 
millidarcy. 

1489. The method of claim 1455, wherein allowing the heat to transfer comprises 
substantially uniformly/increasing a permeability\of a majority of the selected section. 

1490. The methodyof claim 1455, further comprising controlling the heat to yield greater 
than about 60 % tyy weight of condensable hydrocarbons, as measured by the Fischer 

Assay. 



1491. The method of claim 1455, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1492. The method of claim 1455, further comprising providing heat/from three or more 
heat sources to at least a portion of the formation, wherein three or>more of the heat 
sources are located in the formation in a unit of heat sources, and/wherein the unit of heat 
sources comprises a triangular pattern. / 

1493. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein ar plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1494. A method of treating a hydrocarbpn^oritaining formation in situ, comprising: 
providing heat from one or rodre hea/sources to w least a portion of the 

formation; / / / 

allowing the heat toiransfer fro m the one or more heat sources to a selected 
section of the formation; / / I 

providing H2 to me formatioivto produce a reducing environment in at least some 



1495. The method of claim 1/494, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least iome hydrocarbons within the selected section of the 
formation. / 

1496. The method cff claim 1494, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within the mixture and recirculating the portion into the formation. 



of the formation; 



producing a mixture from/the/ormation. 
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1498. The method of claim 1494, wherein the one or more heaj/sources comprise 
electrical heaters. 

5 1499. The method of claim 1494, wherein the one or myfre heat sources comprise 
surface burners. 

1500. The method of claim 1494, wherein the on^or more heat sources comprise 
flameless distributed combustors. 

10 

1501 . The method of claim 1494, wherein ^e^on^or mor^ heat sources comprise natural 
h Z distributed combustors. 

it US 

^2 1502. The method of claim 1494, further comprising/controlling a pressure and a 

=P 15 temperature within at least a majority of the selected/section of the formation, wherein 

W / / /I 

[sj the pressure is controjfed as a function of tenjperatjdre, or the temperature is controlled as 

a function of pressure. 

Pi " I 

; / . / / / . 

B g 1503. The mepod of claim L494, further comprising controlling the heat such that an 

P 20 average heating rate of the splec^a section is le[ss than about 1 °C per day during 
pyrolysis. 



1504. The method of daim 1494, wherein providing heat from the one or more heat 
sources to at least the/portion of formation comprises: 
25 heating a selected volume (F) of the hydrocarbon containing formation from the 

one or more heat /ources, wherein the formation has an average heat capacity (C v ). and 
wherein the hearing pyrolyzes at least some hydrocarbons within the selected volume of 
the formation/and 

wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
30 wherein Pjvr is calculated by the equation: 
ir = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 



1505. The method of claim 1494, wherein allowing the h^at to transfer comprises 
transferring heat substantially by conduction. 

1506. The method of claim 1494, wherein providing heat from the one or more heat 
sources comprises heating the selected section sucm that a thermal conductivity of at least 
a portion of the selected section is greater thm^roout 0.5 W(m °C). 

1507. The method of claim 149Vwherein/the produced mixture comprises condensable 
hydrocarbons having an APLgravity of a/least abo\x/25°. 

1508. The method of/claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0(1 % byweigljt to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1509. The method of claim /H#4, wherein the! produced mixture comprises non- 
condensable hydrbsaxhof&fmd wherein a molar ratio of ethene^to ethane in the non- 
condensable hydrocarbop ranges from about O.OOUo-abtJut 0.15. 

1510. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and>wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1511. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, ofnie condensable hydrocarbons is oxygen. 
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1512. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1513. The method of claim 1494. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds^/and wherein the oxygen 
containing compounds comprise phenols. / 

1514. The method of claim 1494, wherein the mpdtlceS^ixture comprises condensable 
hydrocarbons, and wherein greater than abpdt 20 % by weight of the condensable 
hydrocarbons are aromatic compounjis: / i 

1515. The method of claim 1494, wherein the npoauced mixture comprises condensable 
hydrocarbons, and wherein/less than abemt 5 %by weight of the condensable 
hydrocarbons comprises multi-ring arpmaj^cs with more than two rings. 

1516. The method of claim 1494^-wherein the produced mixture comprises condensable 
hydrocarbons, and whereintess^han about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes/ V 

1517. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1518. The method of claim 1494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the bfydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1519. The method of claim 1494. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1520. The method of claim 1494, wherein the produced mixtyre comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



CO 
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1521. The method of claim 1 494, further comprising comrolling a pressure within at 
least a majority of the selected section of the formatipftfwherein tl^e controlled pressure 
is at least about 2.0 bar absolute. 

1522. The method of claim 1494, fefther comprising controlling formation conditions to 
produce the mixture, wherein a partial pressureyof H2 witljin tjle mixture is greater than 
about 0.5 bar. 

1523. The method of claim 1494, wherein the Efartial pressure of H2 within the mixture 
is measured when the nwxture is at a production well. 



ering a pressure within the 
formation having carbon 
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1524. The method of claim 1494 Jrarther comprising al 
formation to inhibit production o^hydrocarbons from th 
numbers greater than about 25 



1525. The method of clair^i 1494, wherein providing hydrogen (H2) to the formation 

further comprises: 

hydrogenating hydrocarbons within the section; and 
heating a portion of the section with heat from hydrogenation. 



30 



1526. The method of claim 1494, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of me produced hydrogen. 
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1527. The method of claim 1494, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1528. The method of claim 1494, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 



1529. The method of claim 1494, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydroc^u^on^as npteasured by the Fischer 
Assay. 



CO 



1 530. The method of claim 1 494, wherein producing the lmxture comprises producing 
the mixture in a production well/and whej?ein at least al?put 7 heat sources are disposed in 
the formation for each production well. 



20 
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1531. The method of claim 1494, further comprising providing heat from three or more 



heat sources to at least a /portion of/the formation, 
sources are located in th^ formation in a >mit of hea: 
sources comprises a triangular t/atten^ 



Lerein three or more of the heat 
sources, and wherein the unit of heat 



1 532. The method of claim 1494, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in th£ formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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1 533. A methocpof treating a hydrocarbon containing formation in situ, comprising: 

providij/g heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section ot/the formation; 
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providing H2 to the selected section to hydrogenate hydrocarbons within the 
selected section and to heat a portion of the section with heat frorry'the hydrogenation: 
and 

controlling heating of the selected section by controlling amounts of H2 provided 
to the selected section. 



10 



1534. The method of claim 1533, wherein the one 0/ more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons w^injhe-s^lected section of the 
formation. 



1535. The method of claim 1533; furtheriomprisiiw maintaining a temperature within 
the selected section within a^yrolysis temperature range. 



15 



fit 



20 



1536. The method yf claim 1533, yhereip'the ope or more heat sources comprise 
electrical heaters. 

1537. The methc}(i of claim 033, wherein thejone or more heat sources comprise 
surface burners. 

1538. The method of c&im 1533, wherein the one or more heat sources comprise 
flameless distributed oombustors. 



1539. The method of claim 1533, wherein the one or more heat sources comprise natural 
25 distributed combustors. 



1540. The method of claim 1533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
30 a function of pressure. 
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1541. The method of claim 1533, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °yper day during 
pyrolysis. 



1542. The method of claim 1533, wherein providing heaj/from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarb6n containing formation from the 
one or more heat sources, wherein the formation ha? an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrp4af1x>ns v^ithin the selected volume of 
the formation; and 

wherein heating energy/day Mdvided j[ 0 the volijtne is equal to or less than Pwr, 
wherein Pwr is calculated by the^quation: j 
Pwr = h*V*C v *p B 

wherein Pwr is the/heating energy/day, f/is ah average heating rate of the 
formation, p B is formati^m bulk density, and yhereiijl the heating rate is less than about 10 

°C/day. 



1543. The method o 



claim 1533/wherein allowir 



transferring heat subsumtialbwy conduction. 



g the heat to transfer comprises 



1544. The method of claim 1533, wherein providing\heat from the one or more heat 
sources comprises heating the selected section such thaVaJhermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 545. The method^of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of pX least about 25°. 



1546. TheVethod of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

1547. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-conderjsable hydrocarbons ranges 
from about 0.001 to about 0.15. 



1 548. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises^cpndens^le hydrocarbons, and 



wherein less than about 1 % by weight, whenj 
condensable hydrocarbons is nitrogen. 



ilated on an 



atomic basis,' of the 



1 549. The method of claim 1513; further cc/mprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, ^hen calcu^ted </n an atomic basis, of the 
condensable hydrocarbons is oxygen. 



1550. The method of qlaim 1533. |lirther^6mprising 
formation, wherein the 



produced mixture comprises condensable hydrocarbons, and 
wherein less than about \% by w^nt, when calculateq on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



oducing a mixture from the 



1551. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to /about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



1552. The method of claim 1533, further comprising producing a mixture from the 
formation, whe/ein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 



1553. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensate hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



1554. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture compmes^cond&nsable hydrocarbons, and 
wherein less than about 0.3 % by weight o^md condensable 
asphaltenes. 



hydrocarbons are 



1555. The method of claims 533, further comprisingY r °micing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by ^veight to aboyi 30 % b/weignt of the condensable hydrocarbons 
are cycloalkanes. 

1556. The method of claim 15^3,iurther comprising producing a mixture from the 
formation, wherein tra produraa mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hj(drogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



1557. The method/of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % bjf weight of the produced mixture is ammonia. 



1558. The/method of claim 1533, further comprising producing a mixture from the 
formatiori, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used/o produce fertilizer. 
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1559. The method of claim 1533, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 



1560. The method of claim 1533, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

1561. The method of claim 1 560, wherein the pardal gr^ss«re-€[f H2 within the mixture 
is measured when the mixture is at a productiojuwell. 

1 562. The method of claim 1 533yfurther comprising altering a pressure within the 
formation to inhibit productioi^of hydrocarbons from tj>e formation having carbon 
numbers greater than about/25. 

1 563 . The method of/claim 1533, j&rther o<fmprisW controlling formation conditions 
by recirculating a portion of hydn/gen / m>m a produced mixture into the formation. 



1 564. The method \f claim^533, further comprising: 

producing hydrogei/ and condensable hydrocarbons from the formation; and 



hydrogenating a portion of the produced c 
portion of the producer! hydrogen. 



ndensable hydrocarbons with at least a 



1565. The method of claim 1533, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1566. TWe method of claim 1533, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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1567. The method of claim 1533, wherein the heating is controlled of claim 1533, 
further comprising producing a mixture in a production well, and wnerein at least about 7 
heat sources are disposed in the formation for each production well. 



1568. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein /hree or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1569. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the foniiatiQ?^^ or more of the heat 

sources are located in the formation ina-tfnit # heat source^, wherein the unit of heat 
sources comprises a triangular pattern, and Xvherein a pkftality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1570. An in situ 
comprising: 

providing 
formation; 

allowing 
section of the forrA 

producing a mixture from the formation, 
mixture is greater thanibout 0.5 bar. 



fsfer from the one 



(irocarbon containing formation, 
sourcfes to at least a portion of the 
or more heat sources to a selected 
wherein a H2 partial pressure within the 



1571. The methods of claim 1570, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyroly/es at least some hydrocarbons within the selected section of the ^ 
formation. 



1572. The method of claim 1570, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1 573. The method of claim 1 570, wherein the one or more heat soi 
electrical heaters. / 



■ces comprise 



1574. The method of claim 1570, wherein the one or more Jieat sources comprise 
surface burners. 

1575. The method of claim 1570, wherein the one o/more heat sources comprise 
flameless distributed combustors. 

1576. The method of claim 1570, whereiivtfi^one or mo/e heat sources comprise natural 
distributed combustors. 



1577. The method of clairr^ 1 570, further comprisi^ controlling a pressure and a 
temperature within at le^st a majority m the selected /ection of the formation, wherein 
the pressure is controlled as a function of tei^peratuye, or the temperature is controlled as 
a function of pressure. 



1 578. The method of claim 1/570/further compr 
average heating rar^ of the jelpcfted section is less 
pyrolysis. 



sing controlling the heat such that an 
than about 1 °C per day during 



1579. The method of claim 1570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the hpting pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average Heating rate of the 
formation, p B is formation bulk density, and wherein the heafing rate is less than about 10 

°C/day. 

1580. The method of claim 1570, wherein allowing/me heat to transfer comprises 
transferring heat substantially by conduction. 



1581. The method of claim 1570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 



a portion of the selected section is greaterj&an about 0. 



1582. The method of claim 15^0, wherein the produce i mixture comprises condensable 
hydrocarbons having an API gravity of at least^ooui 25°. 



W/(m °C). 



1583. The method/6 f claim 1570/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboi/0.1/% by wejght to about 15 % by weight of the 
condensable hy/lrocarbons areXM^Iins. 

1584. The method of cl#tfft 1570, wherein/the produced mixture comprises non- 
condensable hydrocarbon^, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1585. The method of claim 1570, wherein tWjsroduced mixture comprises condensable 
hydrocarbons, andXvherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1586. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1587. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 



1588. The method of claim 1570. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds/and wherein the oxygen 
containing compounds comprise phenols. 

1589. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about/20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1590. The method of claim 1570, wherein the produ^d mixture comprises condensable 
hydrocarbons, and wherein less thap^about 5 % by vwpight of the condensable 
hydrocarbons comprises multi-ring/aromatics wnh more than two rings. 



1591. The method of claim 15v0, wherein the r/roduced mixture comprises condensable 
hydrocarbons, and wherein less than ajaout 0.3 f/o by weight of the condensable 
hydrocarbons are asphplterjes. 

1592. The method of o(aim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and whferein about 5 % by weign^to about 30-% by weight of the 
condensable hydrocarbons are cycloalkanes. 



1593. The method of claim 1570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the Hydrogen is greater than about 10 % by volume of the non-condensable 
component/ and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1594. The method of claim 1 570. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1595. The method of claim 1570, wherein the produced mixture Comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1596. The method of claim 1570, further comprising controlling a pressure within at 
least a majority of the selected section of the formatjppfwKerei^the controlled pressure 
is at least about 2.0 bar absolute. 

1597. The method of claim 1570; further corcfprising aftenng a pressure within the 
formation to inhibit productiefn of hydrocarbons frc^m th/ formation having carbon 
numbers greater than about 25. 

1 598. The method/of claim 1 570, idrth©^ comprisjliig recirculating a portion of the 
hvdrosen within me mixture into^heiormation. 



1 599. The method of clair^ J<$70, further comprising condensing a hydrocarbon 
component from\the prodded mixture and hyprogenating the condensed hydrocarbons 
with a portion of the hydrogen. 

1600. The method of claim 1 570, further comprising: 
providing hydrogen (H2) to the heatecr section to hydrogenate hydrocarbons 

within the section; and 

hedting a portion of the section with heat from hydrogenation. 



1601/ The method of claim 1570, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
lillidarcy. 
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1602. The method of claim 1570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority ofrthe selected section. 



1603. The method of claim 1 570, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, measured by the Fischer 
Assay. 

1604. The method of claim 1570, wherein produd^the mixtufe comprises producing 
the mixture in a production welL and whereiflfat ^ast about 7 ^at sources are disposed in 
the formation for each production weU 

1605. The method of claim 1/370, furthei/comprisin/pro\4ding heat from three or more 
heat sources to at least a portion of the rormationywherein three or more of the heat 
sources are located in the formation ma unit o/heat soi/rces, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 606. The method of claim 
heat sources to at 
sources are locate 
sources comprises 



comprising providing heat from three or more 
east a potion pf the formation, Wherein three or more of the heat 
!ation in a unit of heaft sources, wherein the unit of heat 
' pattern, and wherein a plurality of the units are repeated 



over an area of the formation to form a repetitive pattern of units. 

\ 

1607. The method of claim 1570, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1608. A n/ethod of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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wherein the selected section has been selected for heating using an atomic 
hydrogen weight percentage of at least a portion of hydrocarbons in the selected section, 
and wherein at least the portion of the hydrocarbons in the selected j^ection comprises an 
atomic hydrogen weight percentage, when measured on a dry, asti-free basis, of greater 
than about 4.0 %; and 

producing a mixture from the formation. 

1609. The method of claim 1608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition ofneat from at least the two heat 
sources pyrolyzes at least some hydrocarbons witlj/n th e sel ected section of the 
formation. 

1610. The method of claim 1 608jtfrther c^mprisin^i^aintaining a temperature within 
the selected section within a pyrolysis tenaperature4ange. 



1611. The method of c)aim 1608, v^hereinyrfie on^f or more heat sources comprise 
electrical heaters. 



1612. The methoq of claim IpOjfrf wherein the c 
surface burners. 



ne or more heat sources comprise 



1613. The method of oiaim 1608, wherein the qne or more heat sources comprise 
flameless distributed /ombustors. 



1614. The method of claim 1608, wherein the one or more heat sources comprise natural 
distributed conabustors. 



1615. The method of claim 1608, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pr/ssure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1616. The method of claim 1608, further comprising controlling the; heat such that an 
average heating rate of the selected section is less than about 1 °Cjper day during 
pyrolysis. 

1617. The method of claim 1608, wherein providing heat ^om the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydro^rbojjs-AtfifHIh the selected volume of 
the formation; and 

wherein heating energy/day provided*/ the volume is^ual to or less than Pwr. 
wherein Pwr is calculated by the equa£k>n: 
Pwr = h*V*C v *p B 

wherein Pwr is the heat&g enera^/day, h is ai/ ave/age heating rate of the 
formation, p B is formation tyuk density; and wherein the peating rate is less than about 10 
°C/day. 



1618. The method of claim 160s, wji^rein allowing tpe heat to transfer comprises 
transferring heat substanft^Uy/py^onduction. 

1619. The method of claim 1608, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a. thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1620. The methcfd of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1621. The/method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1622. The method of claim 1608. wherein the produced mixture 
condensable hydrocarbons, and wherein a molar ratio of ethene yt 
condensable hydrocarbons ranges from about 0.001 to about 0/15 



comprises non- 
ethane in the non- 



1623. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1624. The method of claim 1 608, wherein the produced miiture comprises condensable 



hydrocarbons, and wherein less thatf'about 1 °/<A>y weight, 
basis, of the condensable hydrooirbons is ox/gen. 



len calculated on an atomic 



1625. The method of claim 1608, wherein the pr0duced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 Why weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1626. The method off claim 1608/wherein the prod 



hydrocarbons, wherein^abouto % by weight to abou 
hydrocarbons comprise oxVgen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



ced mixture comprises condensable 
30 % by weight of the condensable 



1627. The method df claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein greater than about 20 % by weight of the condensable 
hydrocarbons arc aromatic compounds. 



1628. The/friethod of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 



1630. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30y% by weight of the 
condensable hydrocarbons are cycloalkanes. 

1631. The method of claim 1608, wherein the produ^^mixturexomprises a non- 
condensable component, wherein the non-concbrfs^ole component comprises hydrogen, 
wherein the hydrogen is greater than about/u) °/c/oy volum^of/he non-condensable 
component, and wherein the hydrogen/s less jman aboutXo °/</ by volume of the non- 
condensable component. 



1632. The method of claim 1/608, wherein th^produced mixture comprises ammonia, 



and wherein greater than about 0.05/% by/veight of the 



►roduced mixture is ammonia. 



1633. The method of claim 1608, wherein the produced\mixture comprises ammonia, 
and wherein the ammonia is Used to produce fertilizer. 



1634. The method of cl/im 1608, further comprising controlling a pressure within at 
least a majority of the /elected section of the formation, wherein the controlled pressure 
is at least about 2.0 Jzfar absolute. 

1635. The memod of claim 1608, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



1636./ The method of claim 1635, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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1637. The method of claim 1608, further comprising altering a pressing within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 



1638. The method of claim 1608, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture intcyfhe formation. 

1639. The method of claim 1608, further comprising: 
providing hydrogen (H2) to the heated sectioi}/to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat*#o m hydrog£nation. 

1640. The method of claim 1608, fimher comprising: 
producing hydrogen and / £ondensaole hydrocan)ofis from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1641 . The method of daim 1608, wherein allowing the heat to transfer comprises 
increasing a permeabil/ty of a gaajorpy of the selected section to greater than about 100 
millidarcy. 

1642. The method of cla(im 1608, wherein allowing Ihejieat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1643. The method^of claim 1608, further comprising controlling the heat to yield greater 
than about 60 % py weight of condensable hydrocarbons, as measured by the Fischer 

Assay. 

1644. Tha4nethod of claim 1608, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1645. The method of claim 1608, farther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1646. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whereuWhfeToT^ore of the heat 
sources are located in the formation in a unit of h^afsQurces, whereifr the unit of heat 
sources comprises a triangular pattern, and^herein/ plurality of tjpe units are repeated 
over an area of the formation to forrn^repetitive ^pattern of unit 

1647. A method of treating a^lydrocarbon containing formation in situ, comprising: 
providing heat frorp/one or more he^t sources^ at l^ast a portion of the 

formation; 

allowing the he&t to transfer fr^fti the £>rfe or more/heat sources to a selected 
section of the formation; 

wherein at least some hydrek^bons within the selected section have an initial 
atomic hydrogen weight percentage of greater than about 4.0 %; and 

producing a mixture from the formation. 



1648. The method of claim 1647, wherein the one or moreHeat sources comprise at 
least two heat sources, 2uid wherein superposition of heat from at least the two heat 
sources pyrolyzes at J^ast some hydrocarbons within the selected section of the. 
formation. 

1649. The method of claim 1647, further comprising maintaining a temperature within 
the selected/section within a pyrolysis temperature range. 



1650. /the method of claim 1647, wherein the one or more heat sources comprise 
electrical heaters. 
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165 1. The method of claim 1647, wherein the one or more heat sources comprise 
surface burners. 

1652. The method of claim 1647, wherein the one or more he^t sources comprise 
flameless distributed combustors. 



10 



15 



20 



25 



1653. The method of claim 1647, wherein the one or rpore heat sources comprise natural 
distributed combustors. 

1654. The method of claim 1647, furthei^omp^ising controlling a pressure and a 
temperature within at least a majorijyof the selected sectfon of the formation, wherein 
the pressure is controlled as a faction of t^mperatur^f op the temperature is controlled as 
a function of pressure. 

1655. The method of cl^im 1647, furrier com|*risin§( controlling the heat such that an 
average heating rate of the selected/section/s less th^n about 1 °C per day during 
pyrolysis. 

1656. The methodW clain^l^47 ) wherein providing\{ieat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pyr is calculated by the equation: 
vr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p 8 is formation bulk density, and wherein the heating rate is less than about 10 
7day. 



Conley, Rose & Tayon. P.C. 



1657. The method of claim 1647, wherein allowing the heat to transfer/omprises 
transferring heat substantially by conduction. / 



1658. The method of claim 1647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/Cm °C). 



1659. The method of claim 1647, wherein the producer 
hydrocarbons having an API gravity of at least ^b(5ut 25 c 



amprises condensable 



1660. The method of claim 1647, \yfierein the pfbduced mixtjM comprises condensable 
hydrocarbons, and wherein aboulfO.l % by weight to abouyif//o by weight of the 
condensable hydrocarbons ane olefins. 

1661 . The method of claim 1647, wherein the^oduced mixture comprises non- 
condensable hydrocarbons, and wherein a nafolar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from/about 0.001 t© about 0.15. 

1662. The method of claim 1jd47, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein J^ss than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1663. The method^! claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and'wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the corraensable hydrocarbons is oxygen. 



1664. Th/ method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1665. The method of claim 1647, wherein the produced mixture compris/s condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight oifthe condensable 
hydrocarbons comprise oxygen containing compounds, and wherein ^ne oxygen 
containing compounds comprise phenols. 

1666. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by wei^nt of the condensable 
hydrocarbons are aromatic compounds. 

1667. The method of claim 1647, wherein th^pfodi/ced mixture comprises condensable 
hydrocarbons, and wherein less than abojyO % by/weight of tlj^ondensable 
hydrocarbons comprises multi-ring afomatics vath more than ^wo rings. 

1668. The method of claim/ 647, wherein/the produced rmxture comprises condensable 



hydrocarbons, and wherem less than abojft 0.3 by weig. 
hydrocarbons are asphaLfenes. 



Lt of the condensable 



1669. The method of ilaim 1647£wherein the produced mixture comprises condensable 
hydrocarbons, and whereilTllSop 5 % by weight to about 30 To^by weight of the 
condensable hydrocarbons arer cycloalkanes. 

1670. The method of clAm 1647, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1671 . Th/ method of claim 1647, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



512 



Conley, Rose & Tayon. P C. 




1672. The method of claim 1647, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1673. The method of claim 1647, further comprising controlling d pressure within at 
least a majority of the selected section of the formation, wherein/he controlled pressure 
is at least about 2.0 bar absolute. 



10 



1674. The method of claim 1647, further comprising con^UfflgTomatihn conditions to 
produce the mixture, wherein a partial pressure of^myim the mixture $ greater than 
about 0.5 bar. 



1675. The method of claim 1674ywherein the partial pressure of^Hf within the mixture 
is measured when the mixture i/at a production/well. 



1 5 1 676. The method of claim/ 
formation to inhibit prod 
numbers greater than about 



1647, further comprising aftering a pressure within the 
uctfron of hydrocarbons fpefm the formation having carbon 
5. 



o 



1677. The method of claim 1647, /further comprising controlling formation conditions 
20 by recirculating a portion of hydrogen from the mixture into the formation. 

1678. The method of clainy4647, further comprising: 

providing hydrogen (Fb) to the heated section to hydrogenate hydrocarbons 
within the section; and 
25 heating a portion of the section with heat from hydrogenation. 



30 



1679. The method of claim 1647, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1680. The method of claim 1647, wherein allowing the heat to transfer Comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 



1681. The method of claim 1647, wherein allowing the heat to/ransfer comprises 
substantially uniformly increasing a permeability of a majorityof the selected section. 

1682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1683. The method of claim 1647, wherein^fockicing the mixtu^ comprises producing 
the mixture in a production well, and^yraerein^at least about /yeat sources are disposed in 
the formation for each production'well. 

1684. The method of claim 1647, further comprising pro/iding heat from three, or more 



heat sources to at least a portion of the formation, wherei 



three or more of the heat 



sources are located in the formatio/in a ujm of heat sources, and wherein the unit of heat 
sources comprises a triangular ppter 

1685. The method of claimA647, further comprising prodding heat from three or more 
heat sources to at least a portion of the formation, wherein thrfee>^rjnore of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1686. A methpd of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation;, 

allowing the heat to transfer from the one or more heat sources to a selected 
section/of the formation; 
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wherein the selected section has been selected for heating using Vitrinite 
reflectance of at least some hydrocarbons in the selected section, and \Vherein at least a 
portion of the hydrocarbons in the selected section comprises a vitrinite reflectance of 
greater than about 0.3 %; 

wherein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less than about 4.5 %; and 

producing a mixture from the formation. 

1687. The method of claim 1686, wherein tj^one^r more he^iources comprise at 
least two heat sources, and wherein supposition of heat feeftnit least the two heat 
sources pyrolyzes at least some hy^ocarbon^within th^selepted section of the 
formation. 

1688. The method of clafm 1686, Wher comprising maintaining a temperature within 
the selected section witnin a pyrolysis temn^rature. 

1689. The method off claim 1(586, wherein the vitrinitelreflectance of at least the portion 
of hydrocarbons witHin the sel^eted section is between akmt 0.47 % and about 1.5 % 
such that a majority ofths^produced mixture comprises condensable hydrocarbons. 

1690. The method o/claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 1 .4 % and about 4.2 % such 
that a majority of Ae produced mixture comprises non-condensable hydrocarbons. 

1691 . The method of claim 1686, wherein the one or more heat sources comprise 
electrical heaters. 

1692. /he method of claim 1686, wherein the one or more heat sources comprise 
surfac/e burners. 
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1693. The method of claim 1686, wherein the one or more heat sources /omprise 
flameless distributed combustors. 

1694. The method of claim 1686, wherein the one or more heat screes comprise natural 
distributed combustors. 



10 



1695. The method of claim 1686, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, yfr thejemperature is controlled as 
a function of pressure. 



ru 



15 



20 



25 



1696. The method of claim 1686, furt|^r compnsing controlling the heat such that an 
average heating rate of the selectecj/^ection is/fess than aboj*i/ °C per day during 
pyrolysis. 

1697. The method of claiiyf 1686, wherein providing he^t from the one or more heat 
sources to at least the portion of formation cefmprises: 

heating a selected volume /fOp£*the hydrocarboh containing formation from the 
one or more heat sources, wherein the formation has anlaverage heat capacity (C v ). and 
wherein the heating pyrolyze/at least some hydrocarbon^ within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr =h*V*0 v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1698. Th^ method of claim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1699. The method of claim 1686, wherein providing heat from the one pv more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). / 



1700. The method of claim 1686. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. / 

1701. The method of claim 1686, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1702. The method of claim 1686, whereir^th^poduced mixture comprises non- 
condensable hydrocarbons, and whepein a molar ratio of ethen^W ethane in the non- 
condensable hydrocarbons ranges from abouu 0.001 to abotMXls. 

1703. The method of claim 1686, wherein the prodiicecy mixture comprises condensable 
hydrocarbons, and wherein less than 2ibout 1 %/uy weia(nt, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1704. The method of claimJ^S&v wherein the produced mixture comprises condensable 
hydrocarbons, and wherein ldss than about 1 % by weigtjt, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1705. The method of/laim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1706. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbon^, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



517 



Conley, Rose & Tayon. P C. 



1707. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1708. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight o* the condensable 
hydrocarbons comprises multi-ring aromatics with more /man two rings. 

1709. The method of claim 1686, wherein thg^rfojiuced mixture^omprises condensable 
hydrocarbons, and wherein less than abprfti 0.3 °//by weight orae condensable 
hydrocarbons are asphaltenes. / / / / 

1710. The method of claim 1686, wherein the pr^uced'mixture comprises condensable 
hydrocarbons, and wherein about 5 %Joy weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkap^s. / 

1711.. The method ofVaimJ^o, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensarole component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by vbkunoj^tfi^on-condensable 
component, and whereinr the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1712. The meth</d of claim 1686, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1713. The' method of claim 1686, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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1714. The method of claim 1686, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 



1715. The method of claim 1686, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 withjn the mixture is greater than 
about 0.5 bar. 

1716. The method of claim 1715, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production .well. 

1717. The method of claim 1686, further rompri£ing--aftering a pressure within the 
formation to inhibit production of hydroj^arSons from the Jfoijmation having carbon 
numbers greater than about 25. 

1718. The method of^efaim 1686; further comfnisirig controlling formation conditions 
by recirculating a portion of hydrogen from^the mixture into the formation. 



1719. The method of claim 1686, further comprising: 

providing hydrogen (H^fo the heated section to hydrogenate hydrocarbons 
within the section; anc 

heating Vgomotf of the section with heat fr©Qhydrogenation. 



1720. The method of claim 1686, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion o/the produced hydrogen. 



1721/ The method of claim 1686, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1722. The method of claim 1686, wherein allowing the heat to transfer/comprises 
substantially uniformly increasing a permeability of a majority of the ^elected section. 



1723. The method of claim 1686, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as rrjeasured by the Fischer 
Assay. 



1724. The method of claim 1686, wherein producing tnejnixtfSeco^ 



the mixture in a production well, and wherein at 
the formation for each production well. 



/about 7 heat sources are disposed in 

' / 



ises producing 



1725. The method of claim 16&6; further comprising providing heat from three or more 
heat sources to at least a portion of the forofation, wh^fein fchree or more of the heat 
sources are located in the formation in a^unit of h^at soupces, and wherein the unit of heat 
sources comprises a triangular patter 

1726. The method </f claim 168/, farther comprisihg providing heat from three or more 
heat sources to at le&st a portiofi the formation, therein three or more of the heat 
sources are located in the fonnation in a unit of hekt sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereiira^h^aHjy^jf" :he units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1727. A method pf treating a hydrocarbon containing formation in situ, comprising: 

providirjg heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

therein the selected section has been selected for heating using a total organic 
matter weight percentage of at least a portion of the selected section, and wherein at least 
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the portion of the selected section comprises a total organic matter weight percentage, of 
at least about 5.0 %; and 

producing a mixture from the formation. 

1728. The method of claim 1727, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from art least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 729. The method of claim 1 727, further compminrgmaintaining a temperature within 
the selected section within a pyrolysis temp^r^ture/range. 



15 



20 



1730. The method of claim 1727/wherein t]afe one or more heaj/^oyfces comprise 
electrical heaters. 

1 73 1 . The method of claijTn 1 727, wjaferein the on^or more h^at sources comprise 
surface burners. 

1 732. The method of cl^iqij^^wherein the one or mor£ heat sources comprise 
flameless distributed combustors. 



1733. The method oi^claim 1727, wherein the one or more h^at sources comprise natural 
distributed combustcfrs. 



25 1 734. The me^nod of claim 1 727, further comprising controlling a pressure and a 

temperature *vithin at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a functicfn of pressure. 
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1735. The method of claim 1727, further comprising controlling the heat/uch that an 
average heating rate of the selected section is less than about 1 °C per ^ during 

pyrolysis. / 

1 736. The method of claim 1 727, wherein providing heat from/he one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an a/erage heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydiocaA^fl^ selected volume of 

the formation; and \ 

wherein heating energy/day proj^cTto jk volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: / / 

p wr = h*V*C v *p B / / // 

. wherein Pwr is the hewing energy/ay, h is an ay^fagi heating rate of the 
formation, p B is fonnatior/bulk densityand wherej*4 h/ating rate is less than about 10 
°C/day. / / / I 

1737. The method olclaim 172^erein allowing L heat to transfer comprises 
transferring heat substWiaUyyfy conduction. 

1738. The method of claTm 1727, wherein providingNie^ijiihe^ne or more heat 
sources comprises heat/g the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1739. The metl/d of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons/having an API gravity of at least about 25°. 

1 740. Tlfe method of claim 1 727, wherein the produced mixture comprises condensable 
hydroc/bons, and wherein about 0.1 % by weight to about 15 % by weight of the 
cond/nsable hydrocarbons are olefins. 
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1741. The method of claim 1727, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. / 



1742. The method of claim 1727. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, ^hen calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1743. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by w^ighCwhen emulated on an atomic 
basis, of the condensable hydrocarbons is oxWen. 

1744. The method of claim 1727/wherein the produced mb6dre comprises condensable 
hydrocarbons, and wherein le^s than about 1 % by weight; yvhen calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 745. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, whereiA about/5 % by weight to about/30 % by weight of the condensable 
hydrocarbons comprise ox/gen coptmning compounds, and wherein the oxygen 
containing compounds^cdmpri^e phenols. 

1746. The method>of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1747. The/method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1 748. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 



1749. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30f/o by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 750. The method of claim 1 727, wherein the produced mixture comprises a non- 
condensable component, wherein the non-conden^hk^omponent comprises hydrogen, 
wherein the hydrogen is greater than aboupKf/Vby volume of the nomcondensable 
component, and wherein the hydrogprus less^an about 80 % by volume of the non- 
condensable component. 



1751. The method of claim 1 727, wherein the produced/mixture comprises ammonia, 
and wherein greater than about 0.05 Y/o by weight of#oe prodded mixture is ammonia. 

1752. The method of claim 1727, wherekKfhe produced mature comprises ammonia, 
and wherein the arhmonia is Used to produce fertilizer. 

1753. The method of cpTim 1727, further comprising controlling a pressure within at 
least a majority of the /elected section of the formation, wherei|i the controlled pressure 
is at least about 2.0 pax absolute. 

1 754. The metnod of claim 1 727, further comprising controlling formation conditions to 
produce the fixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 



1755. /The method of claim 1754, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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1756. The method of claim 1 727, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formalin having carbon 
numbers greater than about 25. 

1757. The method of claim 1727, further comprising coWolling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1758. The method of claim 1 727, further comprising 
providing hydrogen (H 2 ) to the heated sec/ion 

within the section; and 

heating a portion of the section^vith hfeat from hydrogenatj6n 



genate hydrocarbons 



1759. The method of claim L727, furth/r comprising: 
producing hydroge/and condensable hydrocaj#6ns/from the formation; and 
hydrogenating a/portion of th4 produced condensable hydrocarbons with at least a 

portion of the produced hydrogen, 

1 760. The method/of claim U727, whejem allowing j(he heat to transfer comprises 
increasing a permeability of/k majority of the selecte<jl section to greater than about 100 
millidarcy. 

1 76 1 . The method otfclaim 1 727, wherein allowing \he heat to transfer comprises 
substantially unifon/ly increasing a permeability of aWjority of the selected section. 

1 762. The method of claim 1 727, further comprising controlling the heat to yield greater 
than about 60/% by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1763. /The method of claim 1727, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
ther formation for each production well. 
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1 764. The method of claim 1 727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three o/ more of the heat 
sources are located in the formation in a unit of heat sources, anja wherein the unit of heat 
sources comprises a triangular pattern. 



1765. The method of claim 1727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of . heat 
sources comprises a triangular pattern, and wherein/a^5lurality of t)he units are repeated 
over an area of the formation to form a repejkiveypattern ofymitsy 

1766. A method of treating a hydrocarbon ccmtaining /ofrnatidn in situ, comprising: 
providing heat from onpor more he^t source^/ at least a portion of the 

formation; 

allowing the hea/to transfer frofh. the ojrfe o/more heat sources to a selected 
section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 
total organic matter weight perceiatag£ of at least about 5.0%; and 
producing ^ mixture (ropi :he formatior 

1767. The method of clai#i 1766, wherein thfe one or more heat sources comprise at 
least two heat sources, anfi wherein superposition of heat from at least the two heat 
sources pyrolyzes at le/st some hydrocarbons within the selected section of the 
formation. 



1768. The method of claim 1766, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1 769. Tbt method of claim 1 766, wherein the one or more heat sources comprise 
electrical heaters. 
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1770. The method of claim 1766, wherein the one or more heat sourefes comprise 
surface burners. / 



1771. The method of claim 1 766, wherein the one or more he/t sources comprise 
flameless distributed combustors. 

1772. The method of claim 1766, wherein the one or rr^ore heat sources comprise natural 
distributed combustors. 

1773. The method of claim 1766, further comprising controlling a pressure and a 
temperature within at least a majority of the selected s^eticm of the formation, wherein 
the pressure is controlled as a function of terj^pafure. or the^pmperature is controlled as 
a function of pressure. 

1774. The method of claim 1766^ furrfier compris^ig controlling the heat such that an 
average heating rate of the selected ^ection is l^s thai/: about 1 °C per day during 
pyrolysis. 



1 775. The method of clai(m /766^herein providing heat from the one or more heat 
sources to at least the portioftTof formation comprises: 

heating a selected/volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation 

wherein the heating j/yrolyzes at least some hydrocarbons within the selected volume of 
the formation; anc 

wherein pleating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
PwrA h*V*C v *pa 

wperein Pwr is the heating energy/day, h is an average heating rate of the 
formation, pa is formation bulk density, and wherein the heating rate is less than about 10 
°C/d*y. 



527 



Conley, Rose & Tayon, P C. 



1 776. The method of claim 1 766, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 



1 777. The method of claim 1 766, wherein providing heat from/the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 778. The method of claim 1 766, wherein the produce 
hydrocarbons having an API gravity of at least abpuf/5° 



orecortoprises condensable 



1 779. The method of claim 1 766, whemn the produced mixture comprises condensable 
hydrocarbons, and wherein about QA% by weight to about \5y%\ft weight of the 
condensable hydrocarbons are olefins. 



1 780. The method of clairry 1 766, wherem the produced mixture comprises non- 
condensable hydrocarbons, [and wherem a moter ratio of emene to ethane in the non- 
condensable hydrocarbons ranges from alxmt 0.001 to apout 0.15. 



1 781 . The method of claim 1 76j6, wherein the produc 
hydrocarbons, and wherein les/than about 1 % by wei 
basis, of the condensable hydrocarbons is nitrogen, 



d mixture comprises condensable 
ght, when calculated on an atomic 



1 782. The method of ctaim 1 766, wherein the producedVixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1783. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons/ and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the/condensable hydrocarbons is sulfur. 
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1 784. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1785. The method of claim 1766, wherein the produced fixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by vteight of the condensable 
hydrocarbons are aromatic compounds. / 

1 786. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 ^bv^igrroTthe condensable 
hydrocarbons comprises multi-ring aromanorwith more thandvo rings. 

1 787. The method of claim 1 76^whefein the produced mixture comprises condensable 
hydrocarbons, and wherein^ss than/bout 0.3 % bj<veiffht of the condensable 
hydrocarbons are asphaltenes. / / 

1788. The method o/claim ^766, where* the prodi/ced mixture comprises condensable 
hydrocarbons, and wherea/about 5yby weight toAbout 30 % by weight of the 
condensable hydrocarWisar^^fcloalkanes. / 

1 789. The method'of claim 1 766, wherein the pjoduced mixture comprises a non- 
condensable component, wherein the non-conderisable component comprises hydrogen, 
wherein the hVdrogen is greater than about 10 % by volume of the non-condensable 
componentAnd wherein the hydrogen is less than about 80 % by volume of the non- 
condensaole component. 

1790/ The method of claim 1766, wherein the produced mixture comprises ammonia, 
ana/wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1 79 1 . The method of claim 1 766, wherein the produced mixture coi 
and wherein the ammonia is used to produce fertilizer. / 



[prises ammonia, 



1792. The method of claim 1766, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1793. The method of claim 1766, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of lAi within the mixture is greater than 
about 0.5 bar. 

1794. The method of claim 1793, wfrerein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



1795. The method of claim 1766, furcher comprising altering a pressure within the 
formation to inhibit Deduction of l^ydrocarboi^s fvpm the formation having carbon 
numbers greater than about 25. 



1 796. The method of claim /766, fupmer con/prising controlling formation conditions 



by recirculating a portion o/hydrogen from t 



e mixture into the formation. 



1 797. The method of claim 1 766, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; smd 

heating a portion of the section with heat from hydrogenation. 



1 798. The method of claim 1 766, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion/of the produced hydrogen. 
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1799. The method of claim 1766, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1800. The method of claim 1766, wherein allowing the heat/fo transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 



1801. The method of claim 1766, further comprising/ontrolling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



ffS 



15 



20 



25 



1802. The method of claim 176d/wherein nroducing the nocture comprises producing 
the mixture in a production wtffL and wherein at least abjajfit 7 heat sources are disposed in 
the formation for each production well. 

1803. The methodyof claim 1766, Mther comprising providing heat from three or more 
heat sources to at /east a portion of/the forafation, wHerein three or more of the heat 



sources are located in the formation injt unit of heat 
sources comprised a triangular/pal 



sources, and wherein the unit of heat 



1804. The method of clatfn 1766, further comprising providing heat from three or more 
heat sources to at least a^ portion of the formation, wherein three or more of the heat 
sources are located in/the formation in a unit of heat sources/wfierein the unit of heat 
sources comprises /triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1805. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
sec/ion of the formation; 
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wherein the selected section has been selected for heating using ap atomic oxygen 
weight percentage of at least a portion of hydrocarbons in the selected /ection, and 
wherein at least a portion of the hydrocarbons in the selected sectioiVcomprises an atomic 
oxygen weight percentage of less than about 15% when measuredyon a dry, ash free 
basis; and 

producing a mixture from the formation. 

1806. The method of claim 1805, wherein the one or rn^re heat sources comprise at 
least two heat sources, and wherein superposition of h^artrom atleast the two heat 
sources pyrolyzes at least some hydrocarbons^vimh/ the selegte^d section of the 
formation. 

1 807. The method of claim 1 803, further co*£iprisna(g maintaining a temperature within 
the selected section within a/pyrolysis temperatur4 range 

1808. The method of cl^im 1 805, wfyerpm the one o/ more heat sources comprise 
electrical heaters. 



1809. The method of claim 1805, wherein the one or more heat sources comprise 
surface burners. 



1810. The method of clgiim 1805, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1811. The methoo of claim 1 805, wherein the one or more heat sources comprise natural 
distributed combustors. 



1812. The>method of claim 1805, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1813. The method of claim 1805, further comprising controlling the Keat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 



1814. The method of claim 1 805, wherein providing heat fyom the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has/ao^verage heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydfo/arbons wiflyn the selected volume of 
the formation; and 

wherein heating energy/day^ rovided/o the vo)*fme/s equal to or less than Pwr, 
wherein Pwr is calculated by^Ke equation:/ 
Pwr = h*V*C v *p B 

wherein Pwr is the heating ene/gy/da^, h is an average heating rate of the 
formation, p B is formation bulk density, ^nd wherein ihp heating rate is less than about 10 

°C/day. 

1815. The method oi^tettff/ 805, wherein allowing ^he heat to transfer comprises 
transferring heat substantially by conduction. 



1816. The method of/claim 1 805, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1817. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1818./ The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1819. The method of claim 1805, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. / 



1 820. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, ^hen calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1 82 1 . The method of claim 1 805 ? wherein theprt5<fticed mixture cooaffrHses condensable 
hydrocarbons, and wherein less than aboj^l % \$ weight, when ^lydlated on an atomic 
basis, of the condensable hydrocarbcxfs is oxygen. 



1 822. The method of claim/1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by'weight, jvhen calculated on an atomic 
basis, of the condensable hydrocarbons is sujfiir. 



1823. The method of claim l#0$r^herein the produced mixture comprises condensable 
hydrocarbons, wherein abo^ffS % by weight to about $0 % by weight of the condensable 
hydrocarbons comprise o/ygen containing compounds, and wherein the oxygen 
containing compounds ^comprise phenols. 



ube 



1 824. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons/are aromatic compounds. 



1825. ?he method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1 826. The method of claim 1 805, wherein the produced mixture comprisesycondensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1827. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



Co 



1828. The method of claim 1805, wherein the produced rnixture comprises a non- 
10 condensable component, wherein the non-condensable /onipeTTgnrcontRrises hydrogen, 
wherein the hydrogen is greater than about 10 % byl^olume of the non-cpndensable 
component, and wherein the hydrogen is l^man/dbout 80 % by volyr^e of the non- 
condensable component. 



C3 



15 1829. The method of claim 18Go, whereiri the produced mixture/comprises ammonia, 
and wherein greater than aboyt 0.05 % by weight of the produced mixture is ammonia. 

1 830. The method of claim 1 805, ^wherein iht produced mature comprises ammonia, 
and wherein the ammonia iauseci to protKice fertilizer. 



20 



1 83 1 . The method of clairr/l 805, further comprising cq 
least a majority of the selected section of the formation, 
is at least about 2.0 bar/absolute. 



trolling a pressure within at 
therein the controlled pressure 



1832. The methoa of claim 1805, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar/ 



30 



[833. The method of claim 1832, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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1 834. The method of claim 1 805, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation Kaving carbon 
numbers greater than about 25. / 



5 1835. The method of claim 1805. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture imo the formation. 



10 



1836. The method of claim 1805, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section witlj^at from hydroge^&tion. 



l 3 S 



1837. The method of claim 1&#5, further comprising* 
producing hydrogen/and condensable hydrorarborfs from the formation; and 

15 hydrogenating abortion of^ne produce^ondei^sable hydrocarbons with at least a 

portion of the produced hydrogen. 

1838. The method of claini 180^wherein allowing/ the heat to transfer comprises 
increasing a penneabilityTofa majority of the selected section to greater than about 100 

20 millidarcy. 



25 



1 839. The method of claim 1 805, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 

1840. "the method of claim 1805, further comprising controlling the heat to yield greater 
than ajfcut 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 
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1841. The method of claim 1 805, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 



1 842. The method of claim 1 805, further comprising providing4ieat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sourct^s, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 843. The method of claim 1 805, further comprising providing heat from three or more 
heat sources to at least a portion of the formatiory wherein three or more of the heat 
sources are located in the formation in a uni^ofneat sources, wherein the unit of heat 
sources comprises a triangular patterp<^id Wherein a plurality of the units are repeated 
over an area of the formation tororm a repetitive pattern of units. 



1 844. A method of treatf 
providing heai 

formation; 

allowing t 

section of the fonhation 
wherein atUeast 



fig a hydrocafbon cotffaimng formation in situ, comprising: 
rom one or rriore horn sources to a selected section of the 



to trantffe^from the dne or more heat sources to the selected 
to pj^ofyze hydrocarbon within the selected section; 

hydrocarbons \fvithin the selected section have an initial 



atomic oxygen weight percentage of less than about 15%; and 
producing a mbcture from the formatior 

1 845. The method of claim 1 844, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrol/zes at least some hydrocarbons within the selected section of the 
formation. 



1 846. /The method of claim 1 844, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range 
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1847. The method of claim 1844, wherein the one or more heat sources comprise 
electrical heaters. / 



1848. The method of claim 1844, wherein the one or more h^t sources comprise 
surface burners. 

1849. The method of claim 1844, wherein the one or trfore heat sources comprise 
flameless distributed combustors. 



1850. The method of claim 1844, vyherein the priQ or moreyneat sources comprise natural 
distributed combustors. 



1851. The method of claim 1 844, further compris^ng^controlling a pressure and a 
temperature within at least a majority of the selected/ section of the formation, wherein 
the pressure is control/ed as a functi^ of tejrfperatyre, or the temperature is controlled as 
a function of pressurd 

1852. The method ofHahnA$%4, further comprising controlling the heat such that an 
average heating rate of the fleeted section is less tl^an about 1 °C per day during 
pyrolysis. 



1853. The method of claim 1844, wherein providing heat from the one or more heat 
sources to at least thfe portion of formation comprises: 

heating a ^elected volume (V) of the hydrocarbon containing formation from the 
one or more heatt sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

lerein heating energy/day provided to the volume is equal to or less than Pwr, 
wherejA Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating r^e is less than about 10 

°C/day. 

1854. The method of claim 1844, wherein allowing the hejrt to transfer comprises 
transferring heat substantially by conduction. 

1855. The method of claim 1 844, wherein pro vidinsf heat from the one or more heat 
sources comprises heating the selected section sucKjhata thermal conductivity of at least 
a portion of the selected section is greater tb^napout 0.5 vf/(rn °C). 

1 856. The method of claim 1 844, wherein J!ne produced/Aiixture comprises condensable 
hydrocarbons having an APKgravity of at/least about 2^°. 

1857. The method ofrclaim 1 844, wperein tKe produced mixture comprises condensable 
hydrocarbons, and wnerein about (Yl %Jrfy weigh/ to about 15 % by weight of the 
condensable hydrocarbons are oiefo 

1858. The method of claim/l 844, wherein the produced mixture comprises non- 



condensable hydrocarbon/ and wherein a mole 



ratio of ethene to ethane in the non- 



condensable hydrocarbcms ranges from about 0.6m to about 0.15. 

1859. The methodH)f claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1860. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocaj'bons, and wherein less than about 1 % by weight, when calculated on an atomic 



basis,/>f the condensable hydrocarbons is oxygen. 
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1861. The method of claim 1844. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1862. The method of claim 1844. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, an/ wherein the oxygen 
containing compounds comprise phenols. / 

1863. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 SVby weight of the condensable 
hydrocarbons are aromatic compounds. j 

1 864. The method of claim 18#4, whereir/the produced mixture comprises condensable 
hydrocarbons, and wherein less than abojat 5 % bwveight of the condensable 
hydrocarbons comprises inulti-ring aromatics/wip more than two rings. 

1 865. The method oi claim 1844/wh^rein the produced mixture comprises condensable 
hydrocarbons, and wherein less mm about 0.3 % by weight of the condensable 
hydrocarbons are asp^alten^sjf \ 

1866. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydroca^oons are cycloalkanes. 

1867. The method of claim 1844, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein theliydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1 868. The method of claim 1844, wherein the produced rnixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of Wproduced mixture is ammonia. 

1869. The method of claim 1844 ; wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 870. The method of claim 1 844, further comprising controlling a pressure within at 
least a majority of the selected section o^rhe formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 871 . The method of claim 18447rurther comprising controlling formation conditions to 
produce the mixture, wherein a^Ftrafpressure y 0yH2 within the mixture is greater than 
about 0.5 bar. 

1 872. The metffod of claij^L 1871, wherein rfie partial pressure of H2 within the mixture 
is measured^when the mixture is at a/production well. 



1873. /The method of claim 1844, further comprising altering a pressure within the 
formation to inhibiyproduction of hydrocarbons from the formation having carbon 
numpers greater tMan ajaout 25. 



1 87^k The method of claim 1844, flirther 
by recirculating a portion of hydrogei 



comprising controlling formation conditions 
from the mixture into the formation. 



1875. The method of claim 1844, further comprising: ^ 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
withi/1 the section; and 

heating a portion of the section with heat from hydrogenation. 

f 876. The method of claim 1 844, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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mating apportion of the produced condensable hydrocarbons with at leasj 
portion of the produced hydrogen. 



1877. The method of claim 1844, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater tjafan about 100 
millidarcy. 

1 878. The method of claim 1844, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majorityof the selected section. 



1 879. The method of claim 1844, further comprising controlling tjtfe heat to yield greater 
than about 60 % by weight of condensable hydpcar^on^ as mp^sured by the Fischer 
Assay. 



1 5 1 880. The method of claim 1 844, whereir^producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



n 



1881. The method of claim 1/844, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in tire formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a/triangular pattern. 



25 



1 882. The njethod of claim 1844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
SQtfrces comprises a triangular pattern, and wherein a plurality of the units are repeated 

nver an A rea nf the formation form ? ™pfl^tiVrf* pottPrn nf nnitr . 



fxxs A mpfhnrl rtf Ir^linu 'A hyHrnrarhnn i.nnMiniiiM-Cr>rmgtinn in citi^ romprisjpg: 
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^pcQ v iding hg at f rom one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a fleeted 
section of the formation; 

5 wherein the selected section has been selected for heating usirfg an atomic 

hydrogen to carbon ratio of at least a portion of hydrocarbons in the selected section, 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than. about 0.70 ? and wherein the atomic hydrogen to 
carbon ratio is less than about 1 .65; and 

10 producing a mixture from the formation. 



1884. The method of claim 1883, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydroc^bons within the selected section of the 

15 formation. 

1 885. The method of claim 1 88^, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

20 1886. The method of c}aim 1883, wherein the one or more heat sources comprise 
electrical heaters. 

1887. The method of claim 1883, wherein the one or more heat sources comprise 
surface burners; 

25 

1 888. The^method of claim 1883, wherein the one or more heat sources comprise 
flameles/ distributed combustors. 

1 88#. The method of claim 1883, wherein the one or more heat sources comprise natural 
30 distributed combustors. 
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189(XTKe method or' claim further 1 comprising controlling a pressur^nd a 
temperature within at least a majority of the selected section of the fopfiation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1 891 . The method of claim 1 883, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1892. The method of claim 1883, wherein providing heat from the one or more heat 
sources to at least the/portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more he^t sources, wherein the formation has an average heat capacity (C v ), and 
wherein the/neating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



1893. The method of claim 1883, Wnerein allowing the heat to transfer comprises 
transferring heat substantially bjyronduction. 

1894, The methodLgf claim 1883, wherein providing heat froQijhe one or more heat 



sources compnses heatixig-the-selected section such that a thermal conductivity of at least 
a portion otj^ sglec ted section )> greater than^ahAHH : ^--W7(fn °C) " 



1 895. The method of claim 1883, wherem the produced mixture comprises condensable 
hydrocarbons having an API gravity on at least about 25°. 
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1896. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the / 
condensable hydrocarbons are olefins. / 

1897. The method of claim 1883, wherein the produced mixture comprise^mon- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. / 

1898. The method of claim 1883, wherein the produced mimire comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight^vhen calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1899. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about \//o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is^xygen. 

1900. The method of claim 1883ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hwocarbons is sulfur. 

1 901 . The method ofi^laim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, whe^in about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1902. >fhe method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
h^rocarbons are aromatic compounds. 
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1903. The method of claim 1883, wherein the produced mixture comprises condensate 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two ring 



1904. The method of claim 1883, wherein the prodji^eamixture comprises condensable 
hydrocarbons, and wherein less than abou^^T by weight of the condensable 
hydrocarbons are asphaltenes. 



15 




1905. The meth^mclaim 1883, wherein the produced mixture comprises condensable 
hydrocar^ffT, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 




1906. Themethod of claim 1 883, wherein the produced mixtur^coraprises a non 
condensable component, wherein the noij^coftdefSaEIecomponent comprises hydrogen, 
wherein the hydrogen is^gfe^ferthan about 10 % by volume of the non-condensable 
component^nd-lvherein the hydrogen is less than about 80 % by volume of the non- 
cgggansame-eomponent. 

1 907. The method of claim 1 883, wherein the produced mixture comprises anjpaefffa) 
and wherein greater than about 0.05 % by weight of the pro^ced-rfflxUire is ammonia. 

1908. Themgjii©4 , 0fTlaim 1883, wherein the produced mixture comprises ammonia. 
.^B^tvnerein the ammonia is used to produce fertilizer. 



least a majority 
is at le 



rHemethod of claim 1883, furthei^cflmp^ tunliulliiig a pressure wITlu n at 
of tbe-^etecfedsection of the formation, wherein the controlled pressure 
ute. 



30 




1910. The method of claim 1883, further coj^$rising controlling formation conditions to 
produce the mixture, wherein a partial pre^ure of H2 within the mixture is greater than 
about 0.5 bar. 
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1911. The method of claim 1910, wherein the partial pressure of H2 within the mixto# 
is measured when the mixture is at a production well. ^^ 0 ** 00 *'^ 

1912. The method of claim 1883, furthe^p^tflpnsing altering a pressure within the 
formation to inhibit productionp^fiydrocarbons from the formation having carbon 
numbers greater than^tetfut 25. 

1913. JPne method of claim 1883, further comprising controlling formation conditions 
bj/recirculating a portion of hydrogen from the mixture into the formation. 



1914. The method of claim 1883, further comprising 

providing hydrogenJJl3)^orTlieneated section to hydrogenate hydrocarbons 
within the sectionr^nd 



"fg~a portion of the section with heat from hydrogenation. 



1915. The method of claim 1883, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion o^ne produced condensable hydrocarbons with at least a 

portion of the produced hydrot 



1^9447-^Fhemeihod 01 claim ls83, wherein allowing the heal lo iraiisfe r-eomprises 
increasing a permeability of a majority of the selected sectionjo-gfeatefTKan about 100 
millidarcy. 



1917. JEh€method of claim 1883, wher ein allowing the heat to tra nsfer comprises 
unitbrmlyTncreasing a permeability of a majority of the selected section. 

1918. The method of claim 1883, further apprising controlling the heat to yield greater 
than about 60 % by weight of condensa^fe hydrocarbons, as measured by the Fischer 
Assay. 
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T9 19. Tlr eTnefHocT of claim 1 SlTTTwtierettH^^^ mixture comprises producing 

the mixture in a production well, and wherein at least about 7 heatsourceslirrd 
the formation for each production well. 

1920. The method of claim 1883, further comprising providing heat from tja^ee or more 
heat sources to at least a portion of the formation, wherein three or mor^of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1921. The method of claim 1883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit ofHeat sources, wherein the unit of heat 
sources comprises a triangular pattern, and v/nerein a plurality of the units are repeated 

15 over an area of the formation to form a repetitive pattern of units. 

1922. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from on^or more heat sources to a selected section of the 

formation; 

20 allowing the heat/o transfer from the one or more heat sources to the selected 

section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogenr to carbon ratio greater than about 0.70; 

wherein the initial atomic hydrogen to carbon ration is less than about 1.65: and 
25 producing a mixture from the formation. 

1923 / The method of claim 1922, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
30 / formation. 
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V9 24. The method o f ildiui 1922, furth er comprising maintaining a temperaTu^e within 
the selected section within a pyrolysis temperature range. 



1925. The method of claim 1922 s wherein the one or more heat sources comprise 
5 electrical heaters. 

1926. The method of claim 1922, wherein the one or^ore heat sources comprise 
surface burners. 

10 1927. The method of claim 1922, wherein th^ one or more heat sources comprise 
flameless distributed combustors. 



fn 



15 



20 



1928. The method of claim 1922, wherein the one or more heat sources comprise natural 
distributed combustors. 

1929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as ^function of temperature, or the temperature is controlled as 
a function of pressure. 

1930. The method of/laim 1922, further comprising controlling the heat such that an 
average heating rate p{ the selected section is less than about 1 °C per day during 
pyrolysis. 



25 1931. The mefhod of claim 1 922, wherein providing heat from the one or more heat 
sources to at/feast the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or m6re heat sources, wherein the formation has an average heat capacity (CV), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the/TopRft tiuu. and 



549 



Conlev, Rose & Tavon, P C. 




lerein heating ?nergy/day provided to th^mume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation^ 
Pwr = h*V*C v *p B 

wherein Pwr isjhf heating energy/day, h is an average heating rate of the 



formation, 



formation bulk density, and wherein the heating rate is less than about 10 




1932. The method of claim 1922, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

The method of claim 1 922rwhefenTpro viding heat from the one or more heat 
sources com^»s€? heating the selected section such that a thermal conductivity of at least 
a pomon ot me^kcled-seetiUn is greater than about to W/(m °C). 



1934. The method of claim 1922, wherein the produced mixture comprises condens^ 
hydrocarbons having an API gravity of at least about 25°. 



20 



1935. The method of claim 1922, wherein the produced mj^fCre comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weightjp^oout 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



1936. The method of claim wherein the produced mixture comprises non- 
condensable hydrocarlxjf^ and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1937. T#fe method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
^asis, of the condensable hydrocarbons is nitrogen. 
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1938. The method of claim 1922. wherein the produced mixture comprises condensabfe 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an a^mic 
basis, of the condensable hydrocarbons is oxygen. / 

1939. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when caj^ulated on an atomic 
basis, of the condensable hydrocarbons is sulfur. X 

1940. The method of claim 1922, wherein the produc^a mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to abo^r 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1941. The method of claim 1922, wjrferein the produced mixture comprises condensable 
hydrocarbons, and wherein greatep^han about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1942. The method of clpm 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wh^ein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1943. The m^hod of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1944/ The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
oCndensable hydrocarbons are cycloalkanes. 



1 945. The method of claim Jj)22 r -whereimhe produced mixture com^rtses-arfiofls 5:=:: ^ 
condeasafefrcomponeni, wherein the-nefi-ouidensable component comprises hydrogen, 
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wherein the hydrogen is greater thanjiboyLl&%-b^ the non-condensable 

component^^^nd-where^^ is less than about 80 % by volume of the non- 



1946. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weighfof the produced mixture is ammonia. 



1947. The method of claim 1922, whereinfthe produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1948. The method of claim4-9227^iurther comprising controlling a pressure witErnlir 
least a msyjority'of the selected section of the formation, wherein the controlled pressure 
is ^atlcast about 2.0 bar a bsolute^ 



1949. The method of claim 1922, further comprising controlling formation condition^S 
produce the mixture, wherein a partial pressure of H2 within the mixture is grgp^CTthan 
about 0.5 bar. 

1950. The method of claim 1949, wherein the partiaLpf£ssure of H2 within the mixture 
is measured when the mixture is at a productiojj^well. 

1 95 1 . The method of claim 1 92^mrther comprising altering a pressure within the 
formation to inhibit produ^Jn of hydrocarbons from the formation having carbon 
numbers greater thap^^bout 25. 



1952. TJHe method of claim 1922, further comprising controlling formation conditions 
b^^circulating a portion of hydrogen from the mixture into the formation. 



rhe method of claim 1922, further co mprising: 

providing Iwdj^geirCH^othe heated section to hydrogenate hydrocarbons 

within^ 
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Qreatmg- a poition of the 3cctiun with heal from hy drogenauon. 



1954. The method of claim 1922, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 




10 



19557" The mellred-of claim 1 92 2, wherein - allowing the heat to t r ansf er com pr ise s- 
increasing a permeability of a majority of the selected section to greater than about^ 
millidarcv. 



1956. The method of claim 1922, wherein allowing the heat to/transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



*h 15 



1957. The method of claim 1922, further comprise controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



1958. The method of claim 1922, wherein producing the mixture comprises producing 
20 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each productiocf well. 



25 



1959. The method of clain/ 1922, further comprising providing heat from three or more 
heat sources to at least a /ortion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a mangular pattern. 



30 



1960. The memod of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
source^are located in the formation in ^ unit of hpat gnnrrpq whpr^jp tf>p unit of heat 
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=3. 



15 



ry 20 



fiangular pattern, andj\jier£j^^ units are repeated 
a- r c p c titivc pattern of unit s: ^ 



19 6 h — A method oRreating a hydrocarbon containing formation - m situ, muiprising^ 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to ^selected 
section of the formation; 

wherein the selected section has been selected for heating usfag an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons in the selected section coniprises an atomic oxygen to 
carbon ratio greater than about 0.025, and wherein the atomic oxygen to carbon ratio of at 
least a portion of the hydrocarbons in the selected sectj^m is less than about 0.15 and 

producing a mixture from the forma£ 

1962. the method of claim 1961, wfyferein jfcfi# one or moi^fieat sources comprise at 
least two heat sources, and wherein silp^o^itiWrrffieat from at least the two heat 
sources pyrolyzes at least some hydpefcaf6ons within the selected section of the 
formation. 

1 963 . The method of clatfn 1 96 1 , further comprising maintaining a temperature within 
the selected section wijmin a pyrolysis temperature range. 



25 



1964. The method of claim 1961, wherein the one or more heat sources comprise 
electrical heaters. 



1965. Tne method of claim 1961, wherein the one or more heat sources comprise 
surface burners. 



30 /1966. The method of claim 1961, wherein the one or more heat sources comprise 
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1967. The method of claim 1961, wherein the one oi/more heat sources comprise natural 
distributed combustors. 

1968. The method of claim 1961 , further conWising controlling a pressure and a 
temperature within at least a majority of the sheeted section of the formation, wherein 
the pressure is controlled as a function of ter^peratu^e, or the temperature is controlled as 
a function of pressure. 

1969. The method of claim l^ol, further cqxiipfiising controlling the heat such that an 
average heating rate of the fleeted s/ctior/is l^ss than about 1 °C per day during 
pyrolysis. 



1970. The method/of claim 1961 ^herein providing heat from the one or more heat 
sources to at least/the portion off formation qomprises: 



heating af selected voLume (V) of the 



hydrocarbon containing formation from the 



one or more heat sources, Wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrp^zes at least some hydrocarbons within the selected volume of 
the formation; aqd^ 

wherein heating energy/day provided^to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr =h*VjC v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 



1971. The/method of claim 1961, wherein allowing the heat to transfer comprises 
transferrin/g heat substantially by conduction. 
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1 972. The method of claim 196 1 , wherein providing heatyfrom the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about O.p W/(m °C). 

1973. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1974. The method of claim 1961, wherein the>produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight Jo^about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1975. The method of claim 1961/wher^in the prodded mixture comprises non- 
condensable hydrocarbons, and^wherem a molar ratia of ethene to ethane in the non- 
condensable hydrocarbons rafnges from about 00)0 1 to about 0.15. 

1976. The method of claim 1961/, wherein the produced mixture comprises condensable 
hydrocarbons, and whe/ein lessythan about 1 % by Weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen 

1977. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and where/n less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1978. The method pf claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and /wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1979. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbon/, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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1980. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic- compounds. / 



1981. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by/weight of the condensable 
hydrocarbons comprises multi-ring aromatics with mpre than two rings. 

1982. The method of claim 1961, wh^ii/the produced mixture comprises condensable 
hydrocarbons, and wherein less th^n abo/it 0.3 % by yeight of the condensable 
hydrocarbons are asphaltenes: 

1983. The method of claim 196l/wherein / the produced mixture comprises condensable 
hydrocarbons, and/wherein about 5 % by weight yo about 30 % by weight of the 
condensable hydrocarbons ar^/cyclo^lkanes. 

1984. The method of clatfh 1#61, wherein the produced mixture comprises a non- 
condensable coihponent/v^herein the non-condensable component comprises hydrogen, 
wherein the hydrogen '/s greater than about 10 °/(Aby volume of the non-condensable 
component, and whe/ein the hydrogen is less thaA about 80 % by volume of the non- 
condensable component. 

1985. The metnod of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1986. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and whe/ein the ammonia is used to produce fertilizer. 



557 



Con ley, Rose & Tayon. P.C. 



1 987. The method of claim 1 96 1 , further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 



1988. The method of claim 1961, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of ^fc within the mixture is greater than 
about 0.5 bar. 

1989. The method of claim 1988, wherein th^ partial pressure of H2 within the mixture 
is measured when the mixture is at a production weJLr' 

1990. The method of claim 1961, furt^wr comprisingjaltering a pressure within the 
formation to inhibit production of^hyd^ocarbons fr^m/the formation having carbon 
numbers greater than about 2f 



1991. The method of claim 1 96 U furtheycomprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1992. The method 



sing: 



of claim/1 %4, further compi 
providing hydrogej^Ha) t0 the heated section to hydro genate hydrocarbons 
within the section; and 

heating a portiorf of the section with heat ifrom hydrogenation. 



1 993 . The method pf claim 1961, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenfating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1994. The method of claim 1961, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



558 



Conlev, Rose & Tavon. P.C. 



1995. The method of claim 1961, wherein allowing the heat p transfer further 
comprises substantially uniformly increasing a permeabilityof a majority of the selected 
section. 

1996. The method of claim 1961, further comprisim/controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1997. The method of claim 1961, whpr^in producing/thq mixture comprises producing 
the mixture in a production well, arfd wherep at lea^jr about 7 heat sources are disposed in 
the formation for each production well. 



1998. The method of c^aim 1961, furrier co/nprising providing heat from three or more 
heat sources to at least/a portion of th£ formation] wherein three or more of the heat 
sources are located in the formation/in g/unit of qeat sources, and wherein the unit of heat 
sources comprises a/triangular patten/ 

1 999. The method\of claim l^ol, further comprising providing heat from three or more 
heat sources to at leah^pdriion of the formation, Wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein aNplurality of the units are repeated 
over an area of the forrriation to form a repetitive pattern of units. 



2000. A method o/treating a hydrocarbon containing formation in situ, comprising 

providing/eat from one or more heat sources to a selected section of the 
formation; 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

, wherein at least some hydrocarbons within the selected section have an initial 
atomic cfxygen to carbon ratio greater than about 0.025; 
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wherein the initial atomic oxygen to carbon ratio is/fess than about 0. 15; and 
producing a mixture from the formation. / 



2001 . The method of claim 2000, wherein the one onrnore heat sources comprise at 
least two heat sources, and wherein superposition of/neat from at least the two heat 
sources pyrolyzes at least some hydrocarbons witljm the selected section of the 
formation. 

2002. The method of claim 2000, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature 

2003. The method of claim 2000, the one op^/ore heat sources comprise 
electrical heaters. 

2004. The method of tfkim 2000,/wherein $Ke one/or more heat sources comprise 
surface burners. 



2005. The method of claim lOOQ/wherein the or 
flameless distributed combustors 



e or more heat sources comprise 



2006. The method of cl/im 2000, wherein the oneyor more heat sources comprise natural 
distributed combustorsy 

2007. The method/of claim 2000, further comprising controlling a pressure and a 
temperature withm at least a majority of the selected section of the formation, wherein 
the pressure is Controlled as a function of temperature, or the temperature is controlled as 
a function of/pressure. 



2008. Trie method of claim 2000, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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2009. The method of claim 2000, wherein providing heat/from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has/an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided tyf the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating enepgV7day, h is a&i average heating rate of the 
formation, p B is formation bulk dprisity/and wherejri the heating rate is less than about 10 
°C/day. 

20 1 0. The method claim 2000( wherein al^wing the heat to transfer comprises 
transferring heat substantially by conduction.. 



201 1 . The methjbd of claim/2000, \yherein Providing heat from the one or more heat 
sources comprises heatingyfhe selected section such that a thermal conductivity of at least 
a portion of the selected /ectign is greater than about 0.5 W/(m °C). 



201 2. The method of claim 2000, wherein 



he produced mixture comprises condensable 



hydrocarbons having an API gravity of at least about 25 




2013. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons/and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable^hvdrocarbons are olefins. 



2014. The method of claim 2000, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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2015. The method of claim 2000, wherein the produced mivfure comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, ywhen calculated on an atomic 
basis, of [he condensable hydrocarbons is nitrogen. / 

2016. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2017. The method of claim 2000, wh^pdnf the produced mixture comprises condensable 
hydrocarbons, and wherein less thin about 1 % by/weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur./ / 

201 8. The method of claim 200(V wherein the produced mixture comprises condensable 
hydrocarbons, whetein about 5 % by weigKt to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

2019. The method of claim^OOO, wherein the produced mixture comprises condensable 
hydrocarbons, m^v^hmn greater than about 20 % by weight of the condensable 
hydrocarbons are arpmatic compounds. \ 

2020. The metl/od of claim 2000, wherein theWoduced mixture comprises condensable 
hydrocarbonsTand wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

202 1 . Tme method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2022. The method of claim 2000, wherein the produced mixtinycomprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 Vtfoy weight of the 
condensable hydrocarbons are cycloalkanes. 

2023. The method of claim 2000, wherein the produced^ mixture comprises a non- 
condensable component, wherein the non-condensable' component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % byX^>iunTe^of the non-condensable 
component, and wherein the hydrogen is less^thm/about 80 % j}y volume of the non- 
condensable component. 

2024. The method of claim 2<500, wherein/£he produced fixture comprises ammonia, 
and wherein greater than about 0.05 % by weight or the produced mixture is ammonia. 

2025. The method of/claim 2000, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to/produce fertilizer. 



2026. The method ofclaim 200fef further comprisin; 
least a majority of the selected/section of the format 
is at least about 2.0 bar absolute. 



g controlling a pressure within at 
on, wherein the controlled pressure 



2027. The method of claim 2000, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

25 2028. The method of claim 2027, wherein the partial pressure of H2 within the mixture 
is measured wh/n the mixture is at a production well. 



30 



2029. The method of claim 2000, further comprising.altering a pressure within the 
formation /o inhibit production of hydrocarbons from the formation having carbon 
numbers/greater than about 25. 
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2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

203 1 . The method of claim 2000, further comprising: 
providing hydrogen (H2) to the heated section toyfiydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat frorh hydrogenation. 



u 
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2032. The method of claim 2000, further comp 
producing hydrogen and condensable j/ydrocirbons from the formation; and 
hydrogenating a portion of theproduced condensable hydrocarbons with at least a 

portion of the produced hydros 

2033. The method of 9faim 2000, wh/rein ^IlolWing the heat to transfer comprises 
increasing a permeability of a majority o&lhe ^blected section to greater than about 100 
millidarcy. 



20 



2034. The method Df claim 2flt)0, wherein a 
comprises substantially uniftpnly increasing 
section. 



owing the heat to transfer further 
permeability of a majority of the selected 



25 



2035. The method of cnaim 2000, further comprising controlling the heat to yield greater 
than about 60 % by \yeight of condensable hydrocarbons, as measured by the Fischer 

Assay. 

2036. The memod of claim 2000, wherein producing the mixture comprises producing 
the mixture ma production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



30 2037. /the method of claim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, an< 
sources comprises a triangular pattern. / 



r herein the unit of heat 



2038. The method of claim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein thrge^r more of the heat 
sources are located in the formation in a unit of heat spdrces, wherein the unit of heat 
sources comprises a triangular pattern, and wh^ir/a plurality of me units are repeated 
over an area of the formation to form a repentive/pattern of umts( 



2039. A method of treating a hydrocarbon Containing forrfiation in situ, comprising: 

providing heat from on^ dr more tyeat source^fo least a portion of the 
formation; 

allowing the heat t$/ transfer fp6m the oyfe or mqfre heat sources to a selected 
section of the formation;) 

wherein the selected section has b^en selected/for heating using a moisture 
content in the selected section, /nd wherein at least a portion of the selected section 
comprises a moisture content/of le^s than about 15%;|and 

producing a mixW^rj^m the formation. 



2040. The method of claim 2039, wherein the one or motejieat sources comprise at 
least two heat sources/ and wherein superposition of heat from at least the two heat 
sources pyrolyzes a/least some hydrocarbons within the selected section of the 
formation. 

2041 . The method of claim 2039, further comprising maintaining a temperature within 
the selected /ection within a pyrolysis temperature range. 



2042. The method of claim 2039, wherein the one or more heat sources comprise 
electrical heaters. 
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2043. The method of claim 2039, wherein the one or more heat sources comprise 
surface burners. / 



2044. The method of claim 2039, wherein the one or njore heat sources comprise 
flameless distributed combustors. 

2045. The method of claim 2039, wherein the oryt or more heat sources comprise natural 
distributed combustors. 

2046. The method of claim 2039, further cy^nprisipg^conu-cjlling a pressure and a 
temperature within at least a majority of the sptected secdpn of the formation, wherein 
the pressure is controlled as a function (^femperatur^/ o/the temperature is controlled as 
a function of pressure. 



2047. The method of claim/203 9y4iirther comprisin 
average heating rate of th^selec^ed sectioiyis less thah 
pyrolysis. 



controlling the heat such that an 
about 1 °C per day during 



2048. The method offclaifli 2039/wherein providing heat-frdm the one or more heat 
sources to at least the footfion jzf formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sourfces, wherein the formation has an average heat capacity (C v ), and 
wherein the heatin^pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; an* 

wherein/heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr/= h*V*C v *p B 
ierein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/da* 
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2049. The method of claim 2039, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

2050. The method of claim 2039, wherein providing heat frefm the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 JNI(m °C). 

205 1. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2052. The method of claim 2039, whereknhe/produced mixture comprises condensable 
hydrocarbons, and wherein about OJ/% by weight to aboi|rl5 % by weight of the 
condensable hydrocarbons are ofefins. / /i 

2053. The method of claim 2039, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratia of ethene to ethane in the non- 
condensable hydrocarbons ranges from abom 0.001 to about 0.15. 

2054. The method of claim 2039. Wnerein the proc uced mixture comprises condensable 
hydrocarbons, and wheretn4essthan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2055. The method of criaim 2039, wherein the producefckmixture comprises condensable 
hydrocarbons, and wl/erein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2056. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons/ and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of thexondensable hydrocarbons is sulfur. 
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2057. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2058. The method of claim 2039, w r herein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2059. The method of claim 2039, wherein th^j^tmced mature comprises condensable 
hydrocarbons, and wherein less than aboup^yb by weighJTof the condensable 
hydrocarbons comprises multi-ring aperaatfcs with more/than two rings. 



2060. The method of claim^039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tharyabout 0.3//o by/weight of the condensable 
hydrocarbons are asphauenes. 

206 1 . The method off claim 2(339, wherein the pre duced mixture comprises condensable 
hydrocarbons, and whWein a6ouJ/5% by weight to^ about 30 % by weight of the 
condensable hydrocarbons7are cycloalkanes. 



2062. The method ofyclaim 2039, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrojgen is greater than about 10 % by volume of the non-condensable 
component, andywherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



2063. Th^ method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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2064. The method of claim 2039, wherein the produced mixtureyComprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2065. The method of claim 2039, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



10 



2066. The method of claim 2039, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure 91 H2 within the mixture is greater than 
about 0.5 bar. 



2067. The method of claim 2066 >/ vtfhereipf the partial pressure of H2 within the mixture 
is measured when the mixture is at a production welL 



U 15 



p 20 



2068. The method of cfaim 2039, farther comffrising altering a pressure within the 
formation to inhibit production of ]^drocarj2fons from the formation having carbon 
numbers greater than about 25. 



2069. The method 
by recirculating a po 



t>f claim t^y$? further comprising controlling formation conditions 
ydrogen from tlie mixture into the formation. 



25 



2070. The method of claim 2039, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; auid \ 

heating a portion of the section with heat from hydrogenation. 



30 



2071. The method of claim 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hyarogenating a portion of the produced condensable hydrocarbons with at least a 

portion/of the produced hydrogen. 



569 



Conley, Rose & Tayon, PC. 



2072. The method of claim 2039, wherein allowing the hear to transfer comprises 
increasing a permeability of a majority of the selected secjaon to greater than about 100 
millidarcy. 

2073. The method of claim 2039, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 

2074. The method of claim 2039, furth^feomprisiW controlling the heat to yield greater 
than about 60 % by weight of con^ffsajzrte hydrocapons, as measured by the Fischer 
Assay. 

2075. The method ot :laim 203 9^ wherein/fWducing the mixture comprises producing 
the mixture in a production well/ and wjaereiiyat least about 7 heat sources are disposed in 
the formation for each production \wlL 

2076. The method of claim 2039, further Comprising providing heat from three or more 
heat sources to at least ayponion of the formation, wherein three or more of the heat 
sources art located in \h£ formation in a ujiit of heat sources, and wherein the unit of heat 
sources comprises a^iangular pattern. 

2077. The method of claim 2039, further c^nprising providing heat from three or more 
heat sources to i\ least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2078. /A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to a selected section of the 

formation; 
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allowing the heat to transfer from the one or more heat/sources to the selected 
section of the formation; 

wherein at least a portion of the selected section h^ an initial moisture content of 
less than about 15%; and 

producing a mixture from the formation. 

2079. The method of claim 2078, wherein the on£ or more heat sources comprise at 
least two heat sources, and wherein superpositicm of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbon^ within the selected section of the 
formation. 

2080. The method of claim 2078, fujti^er comprising maintaining a temperature within 
the selected section within a pypdysis' temperature y/jwige. 

208 1 . The method of ;efaim 207§( wherein ttje or/p or more heat sources comprise 
electrical heaters. 



2082. The method of claim/2078, wfierein the bne or more heat sources comprise 
surface burner^. 

2083. The method of </lai#f 2078, wherein th^ one or more heat sources comprise 
flameless distriWed-combustors. 



2084. The methcti of claim 2078, wherein the onWr more heat sources comprise natural 
distributed combustors. 



2085. Theymethod of claim 2078, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pres/ure is controlled as a function of temperature, or the temperature is controlled as 
a func/ion of pressure. 
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2086. The method of claim 2078, further comprising controlling the heat such that an 
average heating rate of the selected section is less than abouj/l °C per day during 
pyrolysis. 
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2087. The method of claim 2078, wherein providing4ieat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formati(^Ms an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least sojja^Tjydrocarbons \yithin the selected volume of 
the formation; and 

wherein heating energy/day provided to the volj^rjfe is equal to or less than Pwr, 
wherein Pwr is calculated tyy the equation: 
Pwr =h*V*C v *d 

wherein Pwr is the heating efiergy/day, ji is in average heating rate of the 
formation, p B is formation bulk density, and^herejn the heating rate is less than about 10 
°C/day. 

2088. The method of clainy 2078,/vherein allowing the heat to transfer comprises 
transferring heat substantially b/ conduction. 

2089. The method ofyclaim 2078, wherein providing heat from the one or more heat 
sources comprises heating the selected section such\hat a thermal conductivity of at least 
a portion of the selected section is greater than about O/S^-WZ^m^C). 



2090. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2091 . Th^ method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2092. The method of claim 2078, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of etjlene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2093. The method of claim 2078. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



10 
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2094. The method of claim 2078, whereirptfe produced mixture comprises condensable 
hydrocarbons, and wherein less than abmit / % by wei^pt, when calculated on an atomic 
basis, of the condensable hydrocarbons is/oxygen. 



2095. The method of cl^ifn 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and whefein less tharf about 1 % bf weight, when calculated on an atomic 
basis, of the condensable hydrocaftons is si^lfur. 




2096. The method of claim 2j078, wherein the 
hydrocarbons, wherein about 5 % by weight to 
hydrocarbons co uprise oxygen containing con 
containing compounds comprise phenols. 



produced mixture comprises condensable 
about 30 % by weight of the condensable 
sounds, and wherein the oxygen 
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2097. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 °\by weight of the condensable 
hydrocarbons are m*omatic compounds. 

2098. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbon/, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight pi the condensable 
hydrocarbons are asphaltenes. 

2 1 00. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to ^bout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2101. The method of claim 2078, wherein the^r6ciuced jnixture comprises a non- 
10 condensable component, wherein the noj>^ondensable component comprises hydrogen, 

wherein the hydrogen is greater th^riaboui 10 % by voimme of the non-condensable 
component, and wherein the ji^rogen ^sless than ^mt 80 % by volume of the non- 
condensable component., 



i £ 3 



15 2 1 02. The method of claim 2078; wherehi the produced mixture comprises ammonia, 
and wherein greater than about J0.05 %)oy weight of the produced mixture is ammonia. 



wherein tWe produced mixture comprises ammonia, 
fertilizer. 



2103. Thenfiethodofclaiy201 
and wherein the ammoni^/is^kfsed to produce 

2104. The mhhod^claim 2078, further comprising controlling a pressure within at 
least a majority of tj/e selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



23 



2 1 05. The m/thod of claim 2078, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 par. 



2106. /The method of claim 2105, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 
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2 1 07. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the fjmnation having carbon 
numbers greater than about 25. 

2108. The method of claim 2078, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2109. The method of claim 2078, further comprising: 
providing hydrogen (H2) to the heajed septit5n to hydj/ogenate hydrocarbons 

within the section; and 

heating a portion of the secja<5hAvith heat fromiiydrogenation. 



2110. The method of cteim 2078 /further comprising: 
producing hydrogen and Condensable Hydrocarbons from the formation; and 
hydrogenating a portiopi of the produced cpndensable hydrocarbons with at least a 

portion of the produced hydpogen. 

2111. The methdd of cL&m 20^#, wherein allowing the heat to transfer comprises 
increasing a perme^ij/tyj^i majority of the selected section to greater than about 100 
millidarcy. 



2112. The method of claim 2078, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 

2113. "Die method of claim 2078, further comprising controlling the heat to yield greater 
than atyout 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assatf 
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21 14. The method of claim 2078, wherein producing the mixture jcomprises producing 
the mixture in a production well, and wherein at least about 7 heaft sources are disposed in 
the formation for each production well. / 



2115. The method of claim 2078, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat squrces, and wherein the unit of heat 
sources comprises a triangular pattern. 



2116. The method of claim 2078, further compulsing providing heat from three or more 
heat sources to at least a portion of the foimatij/i^vfter^in three or more of the heat 
sources are located in the formation in a uni^of heat soiirces, wherein the unit of heat 
sources comprises a triangular pattenj<^d/wherein a pjur^lity of the units are repeated 
over an area of the formation to ferm a repetitive pattem/of units. 



2117. A method of treating a hydro< 

providing heat/rom one or 
formation; 

allowing th< 
section of the formation: 
wherein the 



krbon contajming/formation in situ, comprising: 
ore heat sources ro at least a portion of the 



transfer fronrthe one or more heat sources to a selected 



elected/secuon is heated in a rec ucing environment during at least a 




; and 



portion of the time thaMh^-selected section is being 
producing a mixture from the formation. 



2118. The method of claim 2117, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyze/at least some hydrocarbons within the selected section of the 
formation. 



2119. The/method of claim 2117, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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2 1 20. The method of claim 2117, wherein the one or more h^at sources comprise 
electrical heaters. 

2121. The method of claim 2117, wherein the one or nj6re heat sources comprise 
surface burners. 

2122. The method of claim 2117, wherein the on/ or more heat sources comprise 
flameless distributed combustors. 

2123. The method of claim 2117, wherein tl/e ojje^fmor^ heat sources comprise natural 
distributed combustors. 



15 



fy 
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2 1 24. The method of claim 2 1 Vi, further comprising Controlling a pressure and a 
temperature within at least ^majority of the selectecrseotion of the formation, wherein 
the pressure is controllers a function of temperature, pr the temperature is controlled as 
a function of pressure/ 



2125. The method of claim 2147, furtl^r comprising 
average heating r^te of the se^cted s^fction is less thai i 
pyrolysis. 



controlling the heat such that an 
about 1 °C per day during 



2126. The method e#im 2117, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V) of the hydrocarbo\containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; ai/d 

whereir/ heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwris calculated by the equation: 
Pwrh h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/dav. 

2127. The method of claim 2117. wherein allowing th^heat to transfer comprises 
transferring heat substantially by conduction. 

2128. The method of claim 2117, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than/abcfut 0.5 W/(m °C). 

2129. The method of claim 2117, wherein the produced fixture comprises condensable 
hydrocarbons having an API gravity of at least about 

2130. The method of claim 21 17, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein about 071 % by w^hyto about 15 % by weight of the 
condensable hydrocarbons are olefins. 



2131. The method of claim 24 1 7, wherein the /produced mixture comprises non- 
condensable hydrocarbons, ^nd wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbon/ ranges from about 6.001 to about 0.15. 



2132. The method oyclaim 2117, wherein the\ produced mixture comprises condensable 
hydrocarbons, and Wherein less than about 1 % W weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2 133. The m/thod of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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2134. The method of claim 2117. wherein the produced mixture Comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whej/calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur, 

2135. The method of claim 2117. wherein the produced/mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 310 % by weight of the condensable 
hydrocarbons comprise oxygen containing compouiyls, and wherein the oxygen 
containing compounds comprise phenols. 

2136. The method of claim 2117. wherein ^produced /lixture comprises condensable 
hydrocarbons, and wherein greater than^boyt 20 % by^yeight of the condensable 
hydrocarbons are aromatic compoums. 



2137. The method of clain*21 17, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than/about y% by Aveight of the condensable 
hydrocarbons comprises multi-ring aromafics witra more than two rings. 



2138. The method of claim 2Y 17yWherein the 
hydrocarbons, and wherein Less/fhan about 0.3 °/c 
hydrocarbons are asphaltej^es. 



p roduced mixture comprises condensable 
by weight of the condensable 



2139. The method ofoaim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



2 140. The method of claim 2117, wherein the produced mixture comprises a non- 
condensableycomponent, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2142. The method of claim 2117, wherein the produced fixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2 1 43. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected section of the fo motion, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2144. The method of claim 2117, further>emnprising controlling formation conditions to 
produce the mixture, wherein a parti^fpre^sure of within the mixture is greater than 
about 0.5 bar. 

2145. The method of claim 2144, wherein tne partial pressure of H2 within the mixture 
is measured when theonixture is at A production well. 



2146. The method of claim 21/ 7, further comprising altering a pressure within the 
formation to inhibit production o^nydrocarqons from the formation having carbon 
numbers greater than about 25. 



2147. The merhod of claim 2117, further 
by recirculating a portion of hydrogen frorc 



comprising controlling formation conditions 
the mixture into the formation. 



2148. The methoa of claim 2117, further comprising: 

providing/hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



2149. Thp method of claim 2117, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2 1 50. The method of claim 2117, wherein allowing the hea/ to transfer comprises 
increasing a permeability of a majority of the selected sectfan to greater than about 100 
millidarcy. 

2151. The method of claim 2117, wherein allowingihe heat to transfer comprises 
substantially uniformly increasing a permeability ot a majority of the selected section. 

2152. The method of claim 2117, further comprisipg^controlling the heat to yield greater 
than about 60 % by weight of condensable h^r^carbons, as njeasured by the Fischer 
Assay. 

2153. The method of claim 21 \7\ wherein producing/the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production wefll. 



2 1 54. The method of c 
heat sources to at least i. 



aim 21 17, further /omprisirig providing heat from three or more 



portioivof the formation, \\ 
sources are located in tht formation/in a unit of hea 
sources comprises a trian^lir^ttern. 



herein three or more of the heat 
sources, and wherein the unit of heat 



2155. The method of claim 2117, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in/he formation in a unit of heat sources, wherein the unit of heat 
sources comprises a/triangular pattern, and wherein a plurality of the units are repeated 
over an area of the/formation to form a repetitive pattern of units. 

2156. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of the formation to produce a mixture from the formation; 
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heating a second section of the formation; anc 

recirculating a portion of the produced mixture from the first section into the 
second section of the formation to provide a reducing environment within the second 
section of the formation. 

2157. The method of claim 2156, further comprising maintaining a temperature within 
the first section or the second section withinA pyrolysis temperature range. 

2158. The method of claim 2156, where/n heating the first or the second section 
comprises heating with an electrical heater. 

2159. The method of claim 2156, whprein heating the first or the second section 
comprises heating with a surface hmrier. 

2 1 60. The method of claim 2 1 56, wherein Seating the first or the second section 
comprises heating with a4lameless distributed/combustor. 



2161. The method 6f claim/2156, wherein heating the first or the second section 
comprises heating with a natural distributed eombustor. 

2162. The metho i of claim 2156, further comprising controlling a pressure and a 
temperature withimat lea^ majority of the first or second section of the formation, 
wherein the pressure is controlled as a functisn of temperature, or the temperature is 
controlled as a function of pressure. 



2163. The method of claim 2156, further corAprising controlling the heat such that an 
average heating rate of the first or the second section is less than about 1 °C per day 
during pyrolysis. 



2 1 64. Trie method of claim 2156, wherein heating the first or the second section 
comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from one 
or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the/Wume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *pB 

wherein Pwr is the heating energy/day//? is an average heating rate of the 
formation, p B is formation bulk density, and ^vher^wrtlie heading rate is less than about 10 
°C/day. 



2165. The method of claim 2156; wherein heating the f#st or the second section 
comprises transferring heat substantially by conduction./ 



15 



20 



2166. The method ofyclaim 2156,/wherein hewing the first or the second section 
comprises heating the first or the /second section sucn that a thermal conductivity of at 
least a portion of the first or the/second section is greater than about 0.5 W/(m °C). 



2167. The method of claim/2 1 5p( wherein the prodjuced mixture comprises condensable 
hydrocarbons having an^^Tgravity of at least abou^ 25°. 



25 



2168. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to at^out 15 % by weight of the 
condensable hydroca/bons are olefins. 

2169. The method of claim 2156, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to.about 0.15. 
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21 70. The method of claim 2156, wherein the produced mixture'comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whp calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2171. The method of claim 2156, wherein the produced^mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2 1 72. The method of claim 2156, wherein^ne produced mixture comprises condensable 
hydrocarbons, and wherein less than ajjout 1 % by weigh^/ ^vhen calculated on an atomic 
basis, of the condensable hydrocarbons is si/lfur. 



2 1 73. The method of claim 1 1 56, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % bv/Weight to/about JO % by weight of the condensable 
hydrocarbons comprise oxygen containing ^ompouncjfs, and wherein the oxygen 
containing compounds comprise phenol^ 

2 1 74. The method of claim 21 56/wherein the prod iced mixture comprises condensable 



hydrocarbons, and wherein/greater than about 20 % 
hydrocarbons are aromatic compounds. 



y weight of the condensable 



2175. The method ot/claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and \Vnerein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2 1 76. The me/hod of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2 1 77. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2 1 78. The method of claim 2156, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volum^of the non-condensable 
component, and wherein the hydrogen is less than about $0 % by volume of the non- 
condensable component. 

2 1 79. The method of claim 2 1 56, wherein the pK55auced mixture emprises ammonia, 
and wherein greater than about 0.05 % by^ight/of the produced mixture is ammonia. 

2 1 80. The method of claim 2 1 5&\ wherein tlae produced^iixti^e comprises ammonia, 
and wherein the ammonia is u^ed to produce fertilizer./ 



2181. The method of claim 2156, farmer comprising contr 
least a majority of the first or second iection of the formatioji 



pressure is at least about 



2.0 bar absolute. 



lling a pressure within at 
, wherein the controlled 



ataj \ 



2182. The method of clafoi 2 l,£j><further comprising controlling formation conditions to 
produce the mixture, wherein/ci partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



2183. The method of craim 2 1 82, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2 1 84. The methoa of claim 2 1 56, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2185. The method of claim 2 1 56, further comprising: 
providing hydrogen (H2) to the first or second/section to hydrogenate 

hydrocarbons within the first or second section; and/ 

heating a portion of the first or second sectfon with heat from hydrogenation. 

2186. The method of claim 2156, further comprising: 
producing hydrogen and condensable Hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2 1 87. The method of claim 2 1 56, whefefin heating the fi/st or the second section 
comprises increasing a permeability of f majority of the^firsjor the second section to 
greater than about 100 millidapcy. 



2188. The method of clsum 2156, wherein heating the fi: 
comprises substantially uniformly i/icreasing a p^meabil 
the second section. 



;t or the second section 
ty of a majority of the first or 



2 1 89. The method cf claim 2 1 56, further comprising controlling the heat to yield greater 
than about 60 % by weight of pndeijsable hydrocarbons, measured by the Fischer 
Assay. 



2190. The method of claim 2156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2191. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are locatea in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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2192. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein thrpe or more of the heat 
sources are located in the formation in a unit of heat sources; wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2193. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat soirees to at least a portion of the 

formation; and 

allowing the heat to transfer from the/one^pi>rtiore heaK sources to a selected 
section of the formation such that a pemie^qmty of at l£&/t a portion of the selected 
section increases to greater than abptft 1(30 millidarc 

2194. The method of claim 2193, wherein the one dx more heat sources comprise at 
least two heat source^; and wherein superposition of heat from at least the two heat 
sources pyrolyze^at least someyhydrocm*bons witmn the selected section of the 
formation. 



2195. The method of cla/m 2193, further com] 



ising maintaining a temperature within 



the selected section witmn a pyrolysis temperature range 

/ \ 
2196. The method/) f claim 2193, wherein the one or more heat sources comprise 
electrical heaters. > 



2 197. The method of claim 2193, wherein the one or more heat sources comprise 
surface burn/rs. 



2198. TMe method of claim 2193, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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2199. The method of claim 2193. wherein the one or more heat sources comprise natural 
distributed combustors. / 



2200. The method of claim 2 193, further comprising controlling a pressure and a 
5 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature/or the temperature is controlled as 
a function of pressure. 

2201. The method of claim 2193, further comprising controlling the heat such that an 
10 average heating rate of the selected section is le/s thajvabout^ °C per day during 

pyrolysis. 



15 



20 



25 



2202. The method of claim 2193, 
sources to at least the portion of p 

heating a selected voh 
one or more heat sources, wnerein i 
wherein the heating pyrolyzes 
the formation; and 

wherein heating < 
wherein Pwr is calculated\ 



t rom the one or more heat 

comprises/ 

. containing formation from the 
/formatiorylias ai& average heat capacity (C v ), and 
some iWdrocarbbns within the selected volume of 



fided to the vo 
iation: 



ume is equal to or less than Pur, 



Pwr = h*V*C v *p B 

wherein Pwr is the he&ting energy/day, h is an average heating^i^te^Qfthe 
formation, p B is formation tyulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

2203. The method of>6laim 2193, wherein allowing the heat to transfer comprises 
transferring heat sub/tantially by conduction. 



2204. The method of claim 2193, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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2205. The method of claim 2193, further comprising producing A mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 



API gravity of at least about 25° 



10 
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2206. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2207. The method of claim 2193, fuitherstfmpriding producing a jnixture from the 
formation, wherein the produced mixftfre comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene tq/ethane in ihf non-con^iens^ble/nydrocarbons ranges 
from about 0.001 to about 0.15/ 



2208. The method of claim 
formation, wherein the prod 
wherein less than about 1 % 



2193, furthe/ conwising producing a mixture from the 
ced mixture comprises condensable hydrocarbons, and 
weigfytv^vhen calculated on 



atomic basis, of the 




condensable hydrocarbons is nitrogen. 



2209. The method of claim 21p, further comprising producingJLHlixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons as oxygen. 

22 10. The method of oiaim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than abcnit 1 % by weight, when calculated on an atomic basis, of the 
condensable hvdrooarbons is sulfur. 




22 1 1 . The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen ^rantaining compounds comprise 
phenols. 

2212. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of tJ^cWondensabJe hydrocarbons are aromatic 
compounds. 

2213. The method of claim 21^3, further^omprisin^ppducing a mixture from the 
formation, wherein the produced mixture comprises/condensable hydrocarbons, and 
wherein less than about 5% by weighyof the corj^ensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



2214. The method/of claim 2191, furth^f comprising producing a mixture from the 
formation, wherein the producer mixture comprises condensable hydrocarbons, and 
wherein less than afyout 0.3 %/bj^weight of t/ie condensable hydrocarbons are 
asphaltenes. 



2215. The method of claim 2193, further comprising producing a mixture from the v 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by/weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2216. The method of claim 2193, further comprising producing a mixture from the 
formation, whe/ein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen mess than about 80 % by volume of the non-condensable component. 
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22 1 7. The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2218. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

22 19. The method of claim 2 1 93, further comprising tfc/ntroiling a pressure within at 
least a majority of the selected section pfthp formatic^i, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2220. The method of clain/2193, further com^risitig controlling formation conditions to 
produce a mixture from the formatio^i, wherein a partial pressure of H2 within the mixture 
is greater than about Op bar. 

222 1 . The method of claim 222f0, farther comprising producing a mixture from the 
formation, wherein tfte partial/pressure of H2 witjiin the mixture is measured when the 
mixture is at a producftQn\\# 

2222. The method of clmm 2193, further comprising altering a pressure within the „ 

formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than/about 25. 

2223. The methpd of claim 2193, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2224. The method of claim 2193, further comprising: 
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providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 



5 2225. The method of claim 2193, further comprising: 

producing hydrogen and condensable hydrocarbc/ns from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

10 2226. The method of claim 2193, further comprising increasing a permeability of a 
majority of the selected section to greater than aoout 5 Darcy. 



15 



Kijss 



2227. The method of claim 2193, wherein aUdwing the/heat to transfer comprises 
substantially uniformly increasing a penrfeability of aJrhajority of the selected section. 

2228. The method of claim 2 193, further comprising controlling the heat to yield greater 
than about 60 % by weight^ condensable hydrocarbons, as measured by the Fischer 
Assav. 



20 2229, The method qt claim 2193/ further com/prising producing a mixture in a 

production well, whferein at leasj/aboyf 7 heat ^ources are disposed in the formation for 
each production we|l. 

2230. The method ortlah^^l93, further compi^smg^ providing heatTforit4tfee^H^nore 
25 heat sources to at least a n6rtion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



223 1 . The method/of claim 2193, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern ofnanits. 

2232. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources/o at least a portion of the 

formation; and 

allowing the heat to transfer from the one 6r moj^-heaFSoqrces to a selected 
section of the formation such that a permeabilit><5f a majority} of at least a portion of the 
selected section increases substantially uniroraily. 

2233. The method of claim 223 2f wherein the one or m&re heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least pne hydroprbons wit^inyihe selected section of the 
formation. 

2234. The method at claim 223 2f, furthe/ comprising maintaining a temperature within 
the selected section within a py/olysi^temperature range. 

2235. The method of^tn/2232, wherein the qpe or more heat sources comprise 
electrical heaters. 




2236. The method of /laim 2232, wherein the one or more heat sources cojn]5rise 
surface burners. 

2237. The method of claim 2232, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2238. The method of claim 2232, wherein the one or more heat sources comprise natural 
distributed fombustors. 
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2239. The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature/or the temperature is controlled as 
a function of pressure. 

2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section is l^ss^frafTabput 1 °C per day during 
pyrolysis. 



224 1 . The method of claim 22yz, wherein providii)§/heat from the one or more heat 
sources to at least the portion of formation compri^ 

heating a selectedwolume {l^pi the hydrocarbon containing formation from the 
one or more heat sources, wherein me formation mas an average heat capacity (C v ), and 
wherein the heating pyrolyzes at l^fast sorjffe hydipcarbons within the selected volume of 
the formation; ar 

wherein /heating energvMav^rovided to 



wherein Pwr is 



he volume is equal to or less than Pwr. 



calculated by/th^equation: 
Pwr = w?V*C v *p B 

wherein At^j_sjW heating energy/day, h is arhayerage heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 




2242. The method/of claim 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



2243. The me/hod of claim 2232, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of me selected section is greater than about 0.5 W/(m °C). 
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2244. The method of claim 2232, further comprising prodding a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2245. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture compri/es condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % tyy weight of the condensable hydrocarbons 
are olefins. 



2246. The method of claim 2232, furth^ycomprising/producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethepe to ethane in the non-condensable hydrocarbons ranges 



from about 0.001 to abouyO.15. 



2247. The metho<7of claim 2232/further conypnsing 
formation, wherofn the produced Aiixture comprises 
wherein less than about 1 % by weight, wh^n calculat 
condensable hydrocarbons is mtrogen 



producing a mixture from the 
cbndensable hydrocarbons, and 
d on an atomic basis, of the 



2248. The method of claim 2232, further comprising producing a mixture from the 
formation, whe\ein the produced mixture comprises condensable hydrocarbons, and 
wherein less than\bout l/% ^weight, when calculated o^an atomic basis, of the 
condensable hydrocarbqfrs is oxygen. 



2249. The method onclaim 2232, further comprising producing a mixture from the 
formation, wherein tne produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2250. The method of claim 2232, further comprising producing a mixture from the 
formation, whe/ein the produced mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the condens*ft>le hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

225 1 . The method of claim 2232, further comprising producing^a-mixture from the 
formation, wherein the produced mixture comprisesxondensable hydrocarbons, and 
wherein greater than about 20 % by weight of U^e^rondens^le hydrocarbons are aromatic 
compounds. 



2252. The method of claim 2232; further comprising producing a mixture from the 
formation, wherein the produoed mixture comprise/ condensable hydrocarbons, and 
wherein less than about 5 % by weight of/he corylensablje hydrocarbons comprises multi- 
ring aromatics with mor^than two rings/ 

2253. The method of claim 2232, fqfaher cc/mprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than atjout 0.3 % by yeight/of the condensable hydrocarbons are 
asphaltenes. 



2254. The method of clMrrr2^32, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weigh/ to about 30 % by weight of the condensable hydrocarbons 
are cvcloalkanes. 



2255. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 %/by volume of the non-condensable component, and wherein the 
hydrogen is less than afeout 80 % by volume of the non-condensable component. 
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2256. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprise/ ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture h ammonia. 

2257. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2258. The method of claim 2232, fur^r^omprising cor/trolling a pressure within at 
least a majority of the selected sectkjfi of the formationJIvherein the controlled pressure 
is at least about 2.0 bar absoh 

2259. The method oi/claim 2232, further composing controlling formation conditions to 
produce a mixture irom the foipiation, whereipr a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 



2260. Theybethod of claim 2232, further 
formation/wherein the partial pressure/of H2 witftin 
mixture is at a production well. 



comprising producing a mixture from the 
the mixture is measured when the 



226 1 . The method of claim 2252, further comprising altering/a pressure within the 
formation to^inhibit i>roduption of hydrocarbons fro*^thej0rmation having carbon 
numbers greater tRmTabout 25. 



2262. The method of claim 2232, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2263. The method of claim 2232, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the Section; and 
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heating a portion of the section with heat from hydrogenation. 

2264. The method of claim 2232, farther comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produces condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2265. The method of claim 2232, whereii^allowing the heat to transfer comprises 
increasing a permeability of a majority of/the^eketQd section to greater than about 100 
millidarcy. 

2266. The method of claim 223d, fui/ther comprising controlling the heat to yield greater 
than about 60 % by weight 9* condensable hydrocarbons, as measured by the Fischer 
Assay. 

2267. The method o£ claim 223^2, furthef comprising producing a mixture in a 
production well, wMerein at lea^t about fl hejat sources are disposed in the formation for 
each production well. 



2268. The met 



sources are loc; 



Lod of claim 223 2,/further comprising providing heat from three or more 



heat sources to it least a portion of the formation, wherein three or more of the heat 



ted in the formation in a unit of heat sources, and wherein the unit of heat 



sources comprises a triangular pattern. 

2269. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least? a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises aAriangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2270. A method/of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources/fo at least a portion of the 
formation; and 

allowing the heat to transfer from the oney6r more heat sources to a selected 
section of the formation such that a porosity of a majority of at least a portion of the 
selected section increases substantially uniformly. 



10 



2271 . The method of claim 2270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydroc^rjx^nswrtl^in the selected section of the 
formation. 



15 



20 



2272. The method of claiijK / 2270.yrurther comprising maintaining a temperature within 
the selected section withm a pyro/ysis temperature range. 



2273. The methog of claim 2/70, wherein 
electrical heaters 

2274. The rrtfethod of clai/n 2270, wherein 
surface burners. 



one or more heat sources comprise 



one or more heat sources comprise 



2275. The method of claim 2270; wherein throne or more heat sources comprise 
flameless distributed combusto/s. 



25 



2276. The method pf claim 2270, wherein the one or more heat sources comprise natural 
distributed combustors. 



2277. The method of claim 2270, further comprising controlling a pressure and a 
temperature witnin at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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2278. The method of claim 2270, further comprising controlling the heat such that an 
average heating rate of the selected section is less ttyan about 1 °C per day during 
pyrolysis. 

2279. The method of claim 2270, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the/nydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least so/ne jKwojprbons within the selected volume of 
the formation; and 

wherein heating energy/day^pcbvided to /he volu'me is equal to or less than Pwr, 
wherein Pwr is calculated by tj*e equation: 
Pwr = h*V*C v *p B 



wherein Pwr is the heating energy/dz 



formation. p B is form^non bulk density, and/\yherein the heating rate is less than about 10 

°C/dav. 



2280. Themeth 
transferring heat 



d of claim/2270, wherein 
substantially by conduction 



, h is an average heating rate of the 



r 



lowing the heat to transfer comprises 



228 1 . The method of claim 2270, wherein providing heat from the one or more heat 
sources comprises lWtiryg the selected section such that a thermal conductivity of at least 
a portion of the selecteqSection is greater than aoQut 0 ; 5 W/(m °C). 

2282. The method of /claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravitv of at leasf about 25°. 



2283. The method pf claim 2270, further comprising producing a mixture from the 
formation, wherein/the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of/he condensable hydrocarbons 
are olefins. 

2284. The method of claim 2270, further comprising t/roducing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



5 



2285. The method of claim 2270, further composing producing a mixture from the 
10 formation, wherein the produced mixture cpmprises condensable hydrocarbons, and 

wherein less than about 1 % by weighywhen/calculat^ on an atomic basis, of the 
condensable hydrocarbons is nitroge 

2286. The method of claim 2270, furthe/ comprising producing a mixture from the 
15 formation, wherein the produced mixture comprise* condensable hydrocarbons, and 

wherein less than about 1 % by weight/ when calptjilated on an atomic basis, of the 
condensable hydrocarbons is oxygen J 

2287. The method of claim 2270, Anther comprising producing a mixture from the 
20 formation, wherein the produced mixture c©mprises\condensable hydrocarbons, and 

wherein less than about iVo by weight, ynen calculated on an atomic basis, of the 
condensable hydrocarbons Kswfiir. 



25 



30 




2288. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

2289. The method of alaim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2290. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2291. The method of claim 2270, further compfisine producing a mixture from the 
formation, wherein the produced mixture ^epmprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / I 

2292. The method of claim 21270, rarther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 %/by/ weight of the condensable hydrocarbons 
are cycloalkanes. / / J \ 

2293. The method of claim 2270, furtjaer comprising producing a mixture from the 
formation, wherein pe produced mixRire comprises a non-condensable component, 
wherein the non-condensat/le component comprises hydrogen, wherein the hydrogen is 
greater than about 1® % by volurrfe of the non-aondensable component, and wherein the 
hydrogen is less than ab^uL^O % by volume of the non-condensable component. 

2294. The method of/claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2295. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produc/e fertilizer. 
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2296. The method of claim 2270, further comprising controlling a pressure within at 
least a majority of the selected section of the formation/ wherein the controlled pressure 
is at least about 2.0 bar absolute. / 



2297. The method of claim 2270, further compri/ing controlling formation conditions to 
produce a mixture from the formation, wherein ^partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 

2298. The method of claim 2270, furtj^f c^mprisin^ producing a mixture from the 
formation, wherein the partial pressure of/b w^tjiin the mixture is measured when the 
mixture is at a production well 



2299. The method of cl^im 2270, further comprising altering a pressure within the 
formation to inhibit pr*Kluction of hydrocarbons from the formation having carbon 
numbers greater than about 25 

2300. The method of claim 2270, further comprising producing a mixture from the 
formation and controlling formation coi/ditior^ by recirculating a portion of hydrogen 
from the mixture into the formation. 



2301. The method \f claim/2270/further comprising: 
providing hydrofeen/CHij to the heated section 
within the section; and 

heating a portion 6f the section with heat from hydrogenation. 



genate hydrocarbons 



2302. The method of claim 2270, further comprising: 

producing hyd/ogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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2303. The method of claim 2270, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 



2304. The method of claim 2270, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability/of a majority of the selected section. 

2305. The method of claim 2270, further comprising-controlling the heat to yield greater 
than about 60 % by weight of condensable J>y&rocarbons,\s measured by the Fischer 
Assay. 

2306. The method of claim 2270, further comprising producing a mixture in a 
production well, and where ij/ at least ab y out 7 heaj sources are disposed in the formation 
for each production well.. 



2307. The method oyclaim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat ~~ 
sources are located ip the formation in a/nit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern^ 

2308. The method of ctaim further comprising providing heat from three or more 
heat sources to at least a poi/tion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherekra plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2309. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing he^t from one or more heat sources to at least a portion of the 
formation; 

, allowing th^ heat to transfer from the one or more heat sources to a selected 
section of the formation; and 
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controlling the heat to yield at least about 15 %/by weight of a total organic 
carbon content of at least some of the hydrocarbon chaining formation into condensable 
hydrocarbons. 

23 10. The method of claim 2309, wherein the ^fie^rryorfe-heat sources comprise at 
least two heat sources, and wherein superpdsitfon of hj^kt from at least the two heat 
sources pyrolyzes at least some hydpo^rbop's within^he selected section of the 
formation. 

23 1 1 . The method of cl^im 2309, further comprising maintaining a temperature within 
the selected section witHin a pyrolysi£ temperature range. 



23 12. The method'of claim 2302, wherein ihe one or more heat sources comprise 
electrical heaters. 

23 13. The method of claim/2309, whefein the [one or more heat sources comprise 
surface burners. I 

23 14. The method of cl4im 2309( wherein the or more heat sources comprise 
flameless distributed combustdrs. 



23 15. The method of claim 2309, wherein the one or more heat sources comprise natural 
distributed combustors. 



23 16. The method of claim 2309, further comprising controlling a pressure and a 
temperature witain at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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23 17. The method of claim 2309, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about ly^C per day during 
pyrolysis. 



23 18. The method of claim 2309, wherein providing he^t from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V) of the hydrocarbon contaixik^formation from the 
one or more heat sources, wherein the formation hayajv^verage K£at capacity (C v ), and 
wherein the heating pyrolyzes at least some hydj^yarbons with/i/ the selected volume of 
the formation; and 

wherein heating energy/day provided to/the volume/is yfequal to or less than Pwr, 
wherein Pwr is calculated by the elation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/d&y, h is an/avera(ge heating rate of the 
formation, p B is formation byulk density, arfd whereii/ the heating rate is less than about 10 
°C/day. 



23 19. The method of claim 2309, wl/erein allowing the hq^t to transfer comprises 
transferring heat substantially by conduction. 



2320. The method of claim 2309, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

232 1 . The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2322. The method op claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2323. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-con/lensab|eJixdrocarbons ranges 
from about 0.001 to about 0.15. 



2324. The method of claim 2309, further comprising producing d mixture from the 
formation, wherein the produced mixtur/comprises condensate/hydrocarbons, and 
wherein less than about 1 % by weigKt, when calculated on psx a/omic basis, of the 
condensable hydrocarbons is nitrogen. 



2325. The method of claim 2309, further (pmprising/producing a mixture from the 
formation, wherein the produced mixture comprises/condensable hydrocarbons, and 
wherein less than about 1 %py weight, ^hen calculated on an|i 
condensable hydrocarbons is oxygen. 



atomic basis, of the 



2326. The method of claim 23^, #irtt}£f :omprising producing a mixture from the 
formation, wherein the produced fixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2327. The method of claim/2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to apout 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



2328. The method/of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensajble hydrocarbons are aromatic 
compounds. 

2329. The method of claim 2309, further comprising/producing a mixture from the 
formation, wherein the produced mixture comprises/condensable hydrocarbons, and 
wherein less than about 5 % by weight of the conc^ensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2330. The method of claim 2309, further cor^rising produciiW a mixture from the 
formation, wherein the produced mixture^omprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight o^ the condensabj^ hydrocarbons are 
asphaltenes. 



233 1 . The method of claim/2309, furtner comprising producing a mixture from the 
formation, wherein the produced mixture comprise/condemsable hydrocarbons, and 



wherein about 5 % by weight to abcjut 30 % by v^eight of t 
are cycloalkanes. 



le condensable hydrocarbons 



2332. The method of cl^im 2309, further Comprising producing a mixture from the 
formation, wherein the pro&K^d mixUn'e comprises a non-aondensable component, 
wherein the non-condensable/component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



2333. The method of c/aim 2309, further comprising producing a mixture from the 
formation, wherein th© produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weimit of the produced mixture is ammonia. 



2334. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2335. The method of claim 2309, further comprising controlling a pressure within at 
least a majority of the selected section of the formatioi^ wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2336. The method of claim 2309, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein ^partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 



2337. The method of claim 2309, fisher ybmprising producing a mixture from the 



formation, wherein the partial pressure of/H 2 within 
mixture is at a production weL 

2338. The method of cl^m 2309, fu/ther comprising 
formation to inhibit production of hydrocarbon^ from 
numbers greater than afcout 25. 



e mixture is measured when the 



altering a pressure within the 
the formation having carbon 



2339. The method o 
formation and contro 



claim 2309, further </omprisina producing a mixture from the 
ing formation conditions by recirculating a portion of hydrogen 



from the mixture into the formation. 

2340. The method of claim/2309, further comprising: 

providing hydrogen/(H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion ^f the section with heat from hydrogenation. 



2341 . The method of cflaim 2309, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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2342. The method of claim 2309, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2343. The method of claim 2309, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of/a, majority of the selected section. 

2344. The method of claim 2309, wherein theileating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 



2345. The method of claim 2309/further comprising p t 
production well, and wherein least about/7 heat soui 
for each production well. 



►during a mixture in a 
are disposed in the formation 



2346. The method of claim 2309, furtner comprising providing heat from three or more 
heat sources to at least A portion of the/formation, wherein three or more of the heat 



sources are located in 
sources comprises a tr ] 



he formation in a unit cyf heat sourcVs, and wherein the unit of heat 
angular pattern. 



2347. The method of cl&jn 23055, fyrfher comprising providin^^ieat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2348. A method of treat/ng a hydrocarbon containing formation in situ, comprising: 

providing heat fyom one or more heat sources to at least a portion of the 
formation; 

allowing the hfeat to transfer from the one or more heat sources to a selected 
section of the formation; and 
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controlling the heat to yield greater than about 6y% by weight of condensable 
hydrocarbons, as measured by the Fischer Assay. 

2349. The method of claim 2348, wherein the oiie or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbon/ within the selected section of the 
formation. 

2350. The method of claim 2348, further comprising idaintaining a temperature within 
the selected section within a pyroj^sis/temperature rcpge. 

235 1 . The method of clayn 2348,/Wherein the o/i/ or more heat sources comprise 
electrical heaters. 



2352. The methodyof claim ^348. wherein/me/one or more heat sources comprise 
surface burners. 



2353. The method of claim 2348, wjierein th<; 
flameless distributed combustors^ 



one or more heat sources comprise 



2354. The method of claim 2348, wherein the on^or more heat sources comprise natural 
distributed combuStors. 

2355. The mefcnod of claim 2348, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function or pressure. 



2356. The method of claim 2348, further comprising controlling the heat such that an 
average/heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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2357. The method of claim 2348, wherein providing/heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation* has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some h^dipG^fSons^ithin the selected volume of 
the formation; and 

wherein heating energy/day pro^ic^d to the \^l/ime is equal to or less than Pwr, 
wherein Pwr is calculated by the pquaik 
Pwr = h*V*C v *p B 

wherein Pwr is the heating enfergy/day, h is kn average heating rate of the 
formation, p B is formaticp bulk density, and yherejn the heating rate is less than about 10 
°C/day. 

2358. The method pf claim 2348, whe/ein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2359. The method of claim 2348, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



25 



2360. The methoa of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

236 1 . The /method of claim 2348, further comprising producing a mixture from the 
formation/wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



30 
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2362. The method of claim 2348, further comprising Producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the nop-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2363. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2364. The method of claim 234#( further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 °// by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2365. The method ol/claim ^48, further comprising producing a mixture from the 
formation, wherein thfe prodi/ced mixrare con prises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when 
condensable hydrocarbons is sulttir. 



alculated on an atomic basis, of the 



2366. The method oyclaim 2348, further comprising producing a mixture from the 
formation, wherein tne produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weignt to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



2367. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounc 
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2368. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



10 



15 



20 



2369. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight o^tteconder^able hydrocarbons are 
asphaltenes. 

2370. The method of clainy2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by^eight to abopt 30 % by ^eight of the condensable hydrocarbons 
are cycloalkanes. 



2371. Themeth 



formation, wherein the produced mixture comp 



wherein the non-c 



of claim 234^8, furthe/ comprising producing a mixture from the 



ises a non-condensable component, 



mdensable component comprises hydrogen, wherein the hydrogen is 
greater than about M) % by wlume'of the non-coniiensable component, and wherein the 
hydrogen is less than aboutAO^ by volume of the non-condensable component. 



25 



2372. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2373. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce/fertilizer. 




2374. The method of claim 2348, further comprising controlling a pressure within at 
least a majority of the selected section of the formation; wherein the controlled pressure 
is at least about 2.0 bar absolute. / 



2375. The method of claim 2348, further comprmrr^ontro)|ling formation conditions to 
produce a mixture from the formation, wherejn^t partial pr^spre of H2 within the mixture 
is greater than about 0.5 bar. 

2376. The method of claim 2348^further comprising ^nWucing a mixture from the 
formation, wherein the partial pressure of ^2 within $ne mjxture is measured when the 
mixture is at a production well. 

2377. The method of claim 2348, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbon's from thejformation having carbon 
numbers greater than about 25. 

2378. The method of claim 2348( further/fcomprising producing a mixture from the 



formation and controlli: 



Lg formation conditions by recirculating a portion of hydrogen 



from the mixture into thk formation. 

2379. The method of claim ^348, further comprising: 

providing hydrogen/l-^) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion ^f the section with heat from hydrogenation. 



2380. The method of claim 2348, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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2381. The method of claim 2348, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 



2382. The method of claim 2348, wherein allowing/the heat to transfer comprises 
substantially uniformly increasing a permeability o^inajoh^y of the selected section. 



10 



15 



20 



2383. The method of claim 2348, further p6mpj 
production well, and wherein at least a^ut 7 h,< 
for each production well. 



sing producing a mixture in a 
at sources are disposed in the formation 



2384. The method of claim 2348, further ytomprisinj 
heat sources to at least a portion of the formation; wh 
sources are located in the formation in 3' unit of heat 
sources comprises a triangular pattern. 



providing heat from three or more 
rein three or more of the heat 
sburces. and wherein the unit of heat 



2385. The method of chim 2348, fiurthe/ comprising providing heat from three or more 
heat sources to at least a portion of/ihe/ormation, wherem three or more of the heat 
sources are located in the fohiiatiorfin a unit of heat sourceVvvherein t h e un j t 0 f heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to/form a repetitive pattern of units. 



2386. A method of treating a hydrocarbon containing formation in situ, comprising: 

heating a first section of the formation to pyrolyze at least some hydrocarbons in 
25 the first section and produce a first mixture from the formation; 

heating a second section of the formation to pyrolyze at least some hydrocarbons 

in the second section and/produce a second mixture from the formation; and 

leaving an unpyrolyzed section between the first section and the second section to 

inhibit subsidence of the formation. 



30 




2387. The method of claim 2386, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2388. The method of claim 2386, wherein heating the/irst section or heating the second 
section comprises heating with an electrical heater. 



2389. The method of claim 2386, wherein heating the 
section comprises heating with a surface burner./ 



or heating the second 



2390. The method of claim 2386, whej^in heating the first section or heating the second 
section comprises heating with a flatfieless distributed copbustor. 

2391. The method of claim 2186, wherein heating th^ first section or heating the second 
section comprises heating with a natural distributedycombustor. 



2392. The method of claim 2386, further comprising controlling a pressure and a 
temperature within at least a majority/of the fir$t or/second section of the formation, 
wherein the pressure is controlled as/a function of pmperature, or the temperature is 
controlled as a function of pressure/ 



2393. The method of claim Z3i 



average heating rate of the first 9r second section 
pyrolysis. 



her comprising controlling the heat such that an 



s less than about 1 °C per day during 



2394. The method of claim 4? 86, wherein heating the first section or heating the second 
section comprises: 

heating a selected v Jfume ( V) of the hydrocarbon containing formation from one 
or more heat sources, wherein the formation has an average heat capacity (C v ) ? and 
wherein the heating pyro)j/zes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume )& equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is ai{ average heating rate of the 
formation, p B is formation bulk density, and wherejn the heating rate is less than about 10 
°C/day. 

2395. The method of claim 2386, wherein hating the first secti/n or heating the second 
section comprises transferring heat substantially by conduction/ 

2396. The method of claim 2386, wherein heating the firstysection or heating the second 
section comprises heating thyformatioiV such that a/therma/1 conductivity of at least a 
portion of the first or secorfd section, respectively; is greater than about 0.5 W/(m °C). 

2397. The method of claim 2386, wherein/the first or Second mixture comprises 
condensable hydrocarbons having/an ART gravity of at/least about 25°. 

2398. The methodlof claim 2386/wherein the first ofl second mixture comprises 
condensable hydrocarams^arfa wherein about 0.1 % t\y weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

2399. The method of claim 2386, wherein the first or second mixture comprises non- 
condensable hydrocarbons/, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2400. The method of alaim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 
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2401 . The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxyge 

2402. The method of claim 2386. wherein the first or sec/ond mixture comprises 
condensable hydrocarbons, and wherein less than about/l % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons ijs sulfur. 

2403. The method of claim 2386, wherein the first or'second mixture comprises 
condensable hydrocarbons, wherein about 5 % byweight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen/ontaining con^p</unds, and wherein the 
oxygen containing compounds comprise /merpls. 

2404. The method of claim 2386./wherein the first or Second mixture comprises 



condensable hydrocarbons, and wherein greater than /bout 
condensable hydrocarbons are/aromatic/compounds( 



2405. The method of claim 2386, wherein the iirst or secfond 
condensable hydrocarbons, and wherein less Jnan about 5 
condensable hydrocarbons comprises multiAing aromatics 



(20 % by weight of the 



mixture comprises 
4 by weight of the 
with more than two rings. 



2406. The method of clafa^23#6^Wherein the first or secdnd mixture comprises 
condensable hydrocarbons, an<f wherein less than about 0.3 yo by weight of the 
condensable hydrocarbons are asphaltenes. 

2407. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons/ and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 



2408. The method oyclaim 2386, wherein the first or second mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
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hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and wherein the hydrogen is less than ^oout 80 % by volume of 
the non-condensable component. 

2409. The method of claim 2386, wherein the first or second mixture comprises 
ammonia, and wherein greater than about 0.05 % by weight of th£-i*rst-ei; second mixture 
is ammonia. 

2410. The method of claim 2386. wherein the f^st br second mix$re comprises 
ammonia, and wherein the ammonia is used to produce fertilizer/ 

241 1. The method of -claim 2386, further comprising controlling a pressure within at 
least a majority of the first or seconeT section o/ the formation, \yherein the controlled 
pressure is at least about 2.0 bar absolute. 



2412. The method of claim 2Q86, further/comprising Control 
produce the first or second mixture, wheyein a paitiaj/pressure 
second mixture is greater than about 0.5/bar. 



2413. The method of claim\2386, wMerein aifartial pressure 



ing formation conditions to 
of H 2 within the first or 



of H2 within the first or 



second mixture is measured whqv the first'or second mixture v& at a production well. 

2414. The method of claim 2386/further comprising altering a pressure within the 
formation to inhibit production oy hydrocarbons from the formation having carbon 
numbers greater than about 25. 

241 5. The method of claim 2i86, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the first or second mixture into the formation. 



241 6. The method of claim 2386, further comprising: 



620 



Con!ey ; Rose & Tayon. PC 



providing hydrogen (H2) to the first or second/section to hydrogenate 
hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second sect/on. respectively, with heat from 
hydrogenation. 



10 



1 Ps 



241 7. The method of claim 2386. further comprising: 
producing hydrogen and condensable iiydipe^f5onsti^/n the formation; and 
hydrogenating a portion of the prodi^d condensab)^ hydrocarbons with at least a 

portion of the produced hydrogen. 

241 8. The method of claim 23#o, wherein heating the first section or heating the second 
section comprises increasing/a permeability of a ma/ority pf the first or second section, 
respectively, to greater than about 100 millidarcy. 



=P 15 



3 20 



241 9. The method of claim 23 8& wherein heating the 
section comprises substantially uniformly increasing a p 
first or second sect/on, respectively. 



irst section or heating the second 
rmeability of a majority of the 



2420. The method of claim 2386, further comprising controlling heating of the first or 
second section to y\eld greater than about 60 % by weight of condensable hydrocarbons, 
as measured by the Fischer Kssaj^from the first or seconmsection, respectively. 



25 



242 1 . The method of claihi 2386, wherein producing the firsror second mixture 
comprises producing the first or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed in the formation for each production well. 



30 



2422. The method of olaim 2386, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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2423. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein/three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a/plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2424. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or mor^Keaj/sources to at/|east a portion of the 

formation; 

allowing the heat to transfer fron/the one or mo/e Jfieat sources to a selected 
section of the formation; and> 

producing a mixture from theyformation throi/gh ojie or more production wells, 
wherein the heating is controlled such that the mixture can 

formation as a vapor, aftd whereiiVat least about 7/heat sources are disposed in the 
formation for each production well. 



2425. The method of claimy2424, wherein the one or mom heat sources comprise at 
least two heat sources, andyCvherein superposition of heat from at least the two heat 
sources pyrolyzes at le^st/some hydroparbons within the selected section of the 
formation. 

2426. The method of claim 2424, further comprising maintaining a temperature within 
the selected section/within a pyrolysis temperature range. 

2427. The method of claim 2424, wherein the one or more heat sources comprise 
electrical heate^ 

2428. The method of claim 2424, wherein the one or more heat sources comprise 
surface burners. 
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2429. The method of claim 2424, wherein the one or more heat sourc/s comprise 
flameless distributed combustors. 

2430. The method of claim 2424, wherein the one or more heat^ources comprise natural 
distributed combustors. 

243 1 . The method of claim 2424 ; further comprising controlling a pressure and a 
temperature within at least a majority of the selected secnon of the formation, wherein 
the pressure is controlled as a function of temperatur^or the temperature is controlled as 
a function of pressure. 



2432. The method of claim 2424^&lfther comprising controlling :he heat such that an 
average heating rate of the seated section less than abouyf °C per day during 
pyrolysis. 

2433. The method off claim 2424, wherein provkiWheat from the one or more heat 
sources to at least the portion of formation emprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating^jayroly^^m least some hy/lrocarbons within the selected volume of 
the formation; and 

wherein heating/energy/day provided 
wherein Pmt is calculated by the equation: 

Pwr = h*v/c v *p B 

wherein Pwr is the heating energy /day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. 



:o the volume is equal to or less than Pwr, 



2434. The method of claim 2424, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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2435. The method of claim 2424. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(rn °C). 



2436. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25/. 



2437. The method of claim 2424, wherein the pro^cedjnixtuj^comprises condensable 
hydrocarbons, and wherein about 0.1 % by w^hfto about 15 % by\weight of the 
condensable hydrocarbons are olefins. 

2438. The method of claim^424 ? wherein /he produced mixtur^ comprises non- 
condensable hydrocarbons, and wherein a/molar ratio of ethete to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about/0.15. 

2439. The method of claim 2424, Wnerein the producecy mixture comprises condensable 
hydrocarbons, and wherein less thafn about J/% by weignt, when calculated on an atomic 
basis, of the condensable ft^roc^rbsas' is nitrogen. 



2440. The method of claim/2424, wherein the produced mixture comprises condensable 
hydrocarbons, and whereir/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable4iydrocarbons is oxygen. 

2441. The method af claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, andywherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



2442. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2443. The method of claim 2424, wherein the produced mixture^comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight^of the condensable 
hydrocarbons are aromatic compounds. 

2444. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics \yitymore tharNwo rings. 



*L5 



2445. The method of claim 24^4/ wherein the produced rfijkture comprises condensable 
hydrocarbons, and wherem^ess than about/).3 % by ^ignt of the condensable 
hydrocarbons are asph^utenes. 



15 
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2446. The method of claim 2424, wherein^ne produced mixture comprises condensable 
hydrocarbons, and wherein abouty5 % by weight/o about 30 % by weight of the 



condensable 



fydrocarbons are cfyclomkanes. 



2447. The method of claijH2424, wherein the produced mixture comprises a non- 
condensable comconeilu wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen/is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is jess than about 80 % by volume of the non- 
condensable component. 



25 



2448. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2449. /The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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2450. The method of claim 2424, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, whefein the controlled pressure 
is at least about 2.0 bar absolute. / 



245 1 . The method of claim 2424, further comprising/Controlling formation conditions to 
produce the mixture, wherein a partial pressure of H/ within the mixture is greater than 
about 0.5 bar. 

2452. The method of claim 2452, wherein the'partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2453. The method of claim 2424^ifth/r comprising altering a pressure within the 
formation to inhibit produ^jtidn of hydjbcarbons frcWtl|te formation having carbon 
numbers greater than atfout 25. 

2454. The memod of claim 2424, furth^omprising controlling formation conditions 
by recirculating a portion of hydrog^a'from me mixture into the formation. 



2455. The method of cla4pa'z424, further comprising: 



providing hydrogen (H 2 ) to the he 
within the section; ana 

heating a portion of the section w 



ted section to hydrogenate hydrocarbons 
th heat from hydrogenation. 



2456. The method of claim 2424, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion eff the produced hydrogen. 



2457. The method of claim 2424, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
'millidarcv. 
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2458. The method of claim 2424 ; wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority/of the selected section. 

2459. The method of claim 2424, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2460. The method of claim 2424, further comprising providing heat from three or more 
heat sources to at least a portion of the formation,ywherein three or more of the heat 
sources are located in the formation in a unit ofyheat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

246 L The method of claim 24^4<nirth^f comprising providing heat from three or more 
heat sources to at least a ppmon of the/rormation, wh^in ythree or more of the heat 
sources are located in \m formation /n a unit of heat sources, wherein the unit of heat 
sources comprises a^iangular pattern, and whereinm plurality of the units are repeated 
over an area of theaormation to /orm a repetitive pattern of units. 



treating^ hydrocarbon containing formation in situ, comprising: 
one/fr more heat/ sources to at least a portion of the 
more heat sources are disposed within one or more first 



2462. Ameth 
providi 
formation, wh 
wells; 

allowing thereat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through one or more second wells, 
wherein one or more of the first or second wells are initially used for a first purpose and 
are then useq for one or more other purposes. 



2463. /The method of claim 2462, wherein the first purpose comprises removing water 
from/the formation, and wherein the second purpose comprises providing heat to the 
formation. 
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2464. The method of claim 2462. wherein the first purpose comprises removing water 
from the formation, and wherein the second purpose comprises producing the mixture. 

2465. The method of claim 2462, wherein the first purpose comprises heating, and 
wherein the second purpose comprises removing water fron/the formation. 

2466. The method of claim 2462, wherein the first pui^ose comprises producing the 
mixture, and wherein the second purpose comprises^emoving water from the formation. 

2467. The method of claim 2462, wherejiHltofcne or more hiat sources comprise 
electrical heaters. / /] \ 

2468. The method of clajm 2462, wherein the one/or nafore heat sources comprise 
surface burners. / / / / 

2469. The method of blaim 2462; wljefein the one or more heat sources comprise 
flameless distributed cotnbustor^/ / 

2470. The method of clanft 2462, wherein the one or more heat sources comprise natural 
distributed combustors. / 

247 1 . The method/Of claim 2462, further comprising controlling a pressure and a 
temperature withjfi at least a majority of the selected section of the formation, wherein 
the pressure is Controlled as a function of temperature, or the temperature is controlled as 
a function o#pressure. 

2472. the method of claim 2462, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1.0 0 C per day during 
pyrolysis. 




2473. The method of claim 2462. wherein providing heat from the /me or more heat 
sources to at least the portion of the formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons ynthin the selected volume of 
the formation; and 

wherein heating energy/day provided to the vol/me is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = /?*F*C v *p B 

wherein Pwr is the heating energy/day ^is^trra^erage heating rate of the 
formation, p B is formation bulk density^arfcf wherein the heating rate is less than about 10 
°C/day. 

2474. The method of cMm 2462, wher/in providingTjeat from the one or more heat 
sources comprises heating the selected/section su£h mat a thermal conductivity of at least 
a portion of the sele/ted section is greater thari about 0.5 W/(m °C). 

2475. The method of claim 2462, wherein the p/oduced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2476. The method of clain/2462. wherein thd produced mixture comprises condensable 
hydrocarbons, and whereiA about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



2477. The method (if claim 2462, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2478. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of ttfe condensable hydrocarbons is nitrogen. 
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2479. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 



2480. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2481 . The method of claim 2462, wherein the pmdj^ced^nixUir^ condensable 
hydrocarbons, wherein about 5 % by weighpe^about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing expounds, and wherein the oxygen 
containing compounds comprise/j5nenols. 

2482. The method of clmm 2462, wherein the produced/mixture comprises condensable 
hydrocarbons, and wh/rein greater tham about 20 %py weight of the condensable 
hydrocarbons are aro/natic compounds. 

2483. The method ofclaim 2462, whpmn the produced mixture comprises condensable 
hydrocarbons, and whereirHe^niian about 5 % by weight of the condensable 
hydrocarbons comprises mutfi-ring aromatics with mlore than two rings. 

2484. The method of cl/im 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and whe/ein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspnaltenes. 



2485. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 




2486. The method of claim 2462 5 wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume/of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2487. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weighyof the produced mixture is ammonia. 

2488. The method of claim 2462, whereip^h^produced mixture comprises ammonia, 
and wherein the ammonia is used ta^froducc fertilizer. 

2489. The method of claim 2462, further comprising controlling a pressure within at 
least a majority of the^elected sectioiyof the filiation, wherein the controlled pressure 
is at least about 2.0/bar absolute. 



2490. The mettiod of claim 2462, further comprising controlling formation conditions to 
produce a mixture of condensable ^drocaifcons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater thaft about 0.5 bar. 

2491 . The metnotfT5fclaiin 2490, wherei i the partial pressure of H2 is measured when 
the mixture is at a production well. 



2492. The method of claim 2462, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater man about 25. 

2493. The method of claim 2462, further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 
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2494. The method of claim 2462, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with hfeat from hydrogenation. 

2495. The method of claim 2462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons/with at least a portion of the produced hydrogen. 

2496. The method of claim 2462, wherein allowing the heat to transfer comprises 
increasing a permeability of a majoi^pfthe selected section to greater than about 100 
millidarcy. 

2497. The method of clmm 2462, wherein allowin^jthe heat to transfer comprises 
substantially uniformly increasing a pemeabilitVof a majority of the selected section. 



2498. The method of claim 2462, further comprising controlling the heat to yield greater 
than about 60/% by weight oycondensal^fe hydrpcarbons, as measured by the Fischer 
Assay. 



2499. TheWthod of clai/n 2452, wherein pre 
the mixture i\a productiojv-welL and wherein 1 
the formation for each production well. 



ducing the mixture comprises producing 
t least about 7 heat sources are disposed in 



2500. The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located ill the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises ^triangular pattern. 

2501 . The method of claim 2462, further comprising providing heat from three or more 
heat sources to ay least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of uni/s. 

2502. A method for forming heater wells in a hydrocarboi/containing formation, 
comprising: 

forming a first wellbore in the formation; 

forming a second wellbore in the formation us&g magnetic tracking such that the 
second wellbore is arranged substantially parallel to/the first wellbore; and 

providing at least one heating mechanism A^ithiruthe first wellbore and at least one 
heating mechanism within the second wellbprel&ch that th^ heating mechanisms can 
provide heat to at least a portion of tl*ei£rmat/on. 

2503 . The method of claimr 1 , wherein superposition ofrneat from the at least one 
heating mechanism withiA the first wellbore and the4t44ast one heating mechanism 
within the second wellbbre pyrolyzes/at least sortie hydrocarbons within a selected 
section of the formation. 

2504. The method of claim 25(22i^further comprising maintaining a temperature within a 
selected section within a pyroK'sis temperature range. 

2505. The method of cla^ 2502, wherein the heatipg mechanisms comprise electrical 
heaters. 

2506. The methodyof claim 2502, wherein the heating mechanisms comprise surface 
burners. 

2507. The method of claim 2502, wherein the heating mechanisms comprise flameless 
distributed c/mbustors. 




633 



Rose & Tavon. P.C 



2508. The method of claim 2502 5 wherein the heating mechanisi 
distributed combustors. > 



comprise natural 



2509. The method of claim 2502, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

2510. The method of claim 2502, further comprising controlling the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
the portion of the hydrocarbons is less than ab9ut/f°C per day\ during pyrolysis. 



2511. The method of claim 2502 J^rther comprising: 

heating a selected volunre (V) of the hydrocarbon containing formation from the 
heating mechanisms, wherein the formation has an avera^y heat capacity (C v ), and 
wherein the heating pyrol^zes at least soyne hydrocarJ^OTs/within the selected volume of 
the formation; and 

wherein heating/ energy/day pn6vided tj/the volufne is equal to or less than Pwr, 
wherein Pwr is calculated by the eqj/ation;, 
Pwr = /i*P*C v *A 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulkyflensity, and wherein the heating rate is less than about 1 0 
°C/day. 



25 12. The method of claim 2502. further comprising allowing the heat to transfer from" 
the heating mechanisms jo at least the portion of the formation substantially by 
conduction. 

25 13. The method/) f claim 2502, further comprising providing heat from the heating 
mechanisms to at least the portion of the formation such that a thermal conductivity of at 
least the portion M* the formation is greater than about 0.5 W/(m °C). 
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2514. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. . 

25 15. The method of claim 2502, further comprisinj/producing a mixture from the 
formation, wherein the produced mixture comprises^condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by^eight of the condensable hydrocarbons 
are olefins. 

2516. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced imxture <zomprises non^ndensable hydrocarbons, and 
wherein a molar ratio of ethe#e to ethane in the non-c6ndensable hydrocarbons ranges 
from about 0.001 to about/0.15. 



25 1 7. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein trie produced mixturexomprisp condensable hydrocarbons, and 
wherein less than at out 1 % by weigh! when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

25 1 8. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the nroduced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2519. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less tMan about 1 % by weight, when calculated on an atomic basis, of the 
condensable/nydrocarbons is sulfur. 



t 
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2520. The method of claim 2502 ; further comprising producing admixture from the 
formation, wherein the produced mixture comprises condensableyhydrocarbons. wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2521 . The method of claim 2502, further comprising p/oducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 

2522. The method of claim 2502, farther comprising producing a mixture from the 
formation, wherein the produced nfixture comprises condensate hydrocarbons, and 
wherein less than about 5 % by weight of th/ condensable4wdrocarbons comprises multi- 
ring aromatics with more than two rings. / / / 

2523. The method of claim 2502, furthfer comprising producing a mixture from the 
formation, wherein the produced mixtpre comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight &i the condensable hydrocarbons are 
asphaltenes. \ LS 1 

2524. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2525. The method of dfaim 2502, further comprising producing a mixture from the 
formation, wherein th/ produced mixture comprises a non-condensable component, 
wherein the non-conpensable component comprises hydrogen, wherein the hydrogen is 
greater than about JO % by volume of the non-condensable component, and wherein the 
hydrogen is less tj/ian about 80 % by volume of the non-condensable component. 
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2526. The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia/ and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2527. The method of claim 2502. further comprising p/oducing a mixture from the 
formation, wherein the produced mixture comprises ai^monia, and wherein the ammonia 
is used to produce fertilizer. 

2528. The method of claim 2502, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2529. The method of claim 2528, wherejirlhe partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 

2530. The method of clairp^502, ftfrther conWrising producing a mixture from the 
formation, wherein the partial pres/ure of J7I2 yithin the mixture is measured when the 
mixture is at a production well. 



253 1 . The method of claim 2:502; further 
formation to inhibit prckhtettfon of hydrocarbons 
numbers greater than about 25. 



'omprising altering a pressure within the 
from the formation having carbon 



2532. The method ofyclaim 2502. further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2533. The method of claim 2502. further comprising: 

providing hydrogen (H2) to the portion to hydrogenate hydrocarbons within the 
formation; and 
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heating a portion of the formation with heat from hycjrogenation. 

2534. The method of claim 2502, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2535. The method of claim 2502, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the/formation to pyrolyze at least some 
hydrocarbons within the selected section suclVthat a permeability of a majority of a 
selected section of the formation increases tp gre^ter-t^an about 100 millidarcy. 

2536. The method of claim 2502^ftirther comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that permeability of a majority of the 
selected section increases substantially uniform!} 



2537. The method 
than about 60 % by 
Assay. 



f claim 2502, further comprising controlling the heat to yield greater 
weight of condensable hydrocarbons, as measured by the Fischer 



2538. The method ofWaftt^502, further comprising producing a mixture in a 
production well and whecfein at least about 7 heat sources are disposed in the formation 
for each production well/ 



2539. The method of claim 2502. further comprising forming a production well in the 
formation using magnetic tracking such that the production well is substantially parallel 
to the first wellbor/ and coupling a wellhead to the third wellbore. 



2540. The metHod of claim 2502, further comprising providing heat from three or more 
heat sources to/at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wl>erein the unit of heat 
sources comprises a triangular pattern. 

2541 . The method of claim 2502, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2542. A method for installing a heater well ipkfayhydrocarbon cqfitaining formation, 
comprising: 

forming a bore in the ground using a steep&ble motor and" ajfi accelerometer; and 



providing a heating mechanism within the bore such^at t 
can transfer heat to at least a portion of the formation 



Le heating mechanism 



at least two heater wells. 



2543. The method of claim 21542, further cor**prising installing 
and wherein superposition of he^fren^gfleast the two heater we^ls pyrolyzes at least 
some hydrocarbons within a selected/Section of the formation. 



2544. The method of claim 254Z further comprising maintaining a temperature within a 
selected section within a pyroly/is temperature range. 

2545. The method of clainj/2542, wherein the heating mechanism comprises an 
electrical heater. 

2546. The method o^claim 2542, wherein the heating mechanism comprises a surface 
burner. 



2547. The method of claim 2542, wherein the heating mechanism comprises a flameless 
distributed compustor. 
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2548. The method of claim 2542, wherein the heating mechanism c/mprises a natural 
distributed combustor. 

2549. The method of claim 2542; further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of me formation, wherein the 
pressure is controlled as a function of temperature, or the ten^erature is controlled as a 
function of pressure. 

2550. The method of claim 2542, further comprising controlling the heat from the 
heating mechanism such that heat transferred from the/heating mechanism to at least the 
portion of the formation is less than about 1 °C per d/y during pyrolysis. 

255 1 . The method of claim 2542. further comprise 
heating a selected volume (V) of the hydrocarbon contaiiLfrig formation from the 

heating mechanism, wherein the formatiprflWan average heat/fcapacity (C v ), and 
wherein the heating pyrolyzes at leasfsome hydrocarbons w^hin the selected volume of 
the formation; and 

wherein heating energ\/day provided to the voltfWis equal to or less than Pwr. 
wherein Pwr is calculated by the equatk 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day;/? is an avjbrage heating rate of the 
formation, p B is formation bulk density, apd wherein the [heating rate is less than about 1 0 
°C/day. 

2552. The method of claim 2542, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. 

2553. The method of claim 2542, further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the/formation is greater than about 0.5 W/(m °C). 



t 
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2554. The method of claim 2542, further comprising producing k mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2555. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2556. The method of claim 2542, furthej^omp/ising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene ta^ethane in me non-cond^mable hydrocarbons ranges 
from about 0.001 to about 0.1 



2557. The method of claim 2542, furtMer comprising Producing a mixture from the 
formation, wherein the Produced mixture comprises Condensable hydrocarbons, and 
wherein less than about 1 % by weight, wlj^n calculated on an atomic basis, of the 
condensable hydrocarbons is nitroien, 

2558. The method of claim 25^2, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises Condensable hydrocarbons, and 
wherein less than about 1 %/by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons/is oxygen. 

2559. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than abdlit 1 % by weight, when calculated on an atomic basis, of the 
condensable hvdrocarbons is sulfur. 
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2560. The method of claim 2542. further comprising producing/a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2561 . The method of claim 2542, further comprising'producing a mixture from the 
formation, wherein the produced mixture comprises/condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the Condensable hydrocarbons are aromatic 
compounds. 1^^^ \ 

2562. The method of claim 2542, fmmtv comprising producing admixture from the 
formation, wherein the produced/mixture comprises condensabl^hydrocarbons, and 
wherein less than about 5 % by weight of me condensable hy<4/ocarbons comprises multi- 
ring aromatics with more fnan two rings./ / / 

2563. The method ofclaim 2542, furaier comprising producing a mixture from the 
formation, wherein trie produced mixture compiles condensable hydrocarbons, and 
wherein less than about 0.3 % by Weight of the/6ondensable hydrocarbons are 
asphaltenes. \ / / 1 

2564. The method ofclaim 21542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2565. The method of o 1aim 2542, further comprising producing a mixture from the 
formation, wherein tha produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about \p % by volume of the non-condensable component, and wherein the 
hydrogen is less th^n about 80 % by volume of the non-condensable component. 
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2566. The method of claim 2542, further comprising producing / mixture from the 
formation, wherein the produced mixture comprises ammonia, m\d wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2567. The method of claim 2542, further comprising producing a mixture from the 
formation ; wherein the produced mixture comprises amiyionia. and wherein the ammonia 
is used to produce fertilizer. 

2568. The method of claim 2542, further comprising^ontrolling a pressure within at 
least a majority of a selected section of the forjrr^ion, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2569. The method of claim 2542/Turther comprising controlling formation conditions to 
produce a mixture from the formation, whej/ein a partial pre^re of H 2 within the mixture 
is greater than about 0.5 bar. 



2570. The method of claim 
is measured when the mixture; 



569, wherein the partial pressure of H 2 within the mixture 
is at a production well. 



2571 . The method of claim 2542?Turther comprising alterang a pressure within the 
formation to inhibit production or hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2572. The method of claim/2542, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the/formation. 

2573. The method of claim 2542, further comprising: 

providing hydrogen (H 2 ) to the at least the heated portion to hydrogenate 
hydrocarbons within the formation; and 



643 



♦ 



fonlev. Rose & Tayon. P.C. 



heating a portion of the formation with heat fromyhydrogenation. 



2574. The method of claim 2542, further comprising 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2575. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of thafoprlation to pyrotyze at least some 
hydrocarbons within the selected section suefT that a permeability of a majority of a 
selected section of the formation increafses to greater than aboutm)0 millidarcy. 



2576. The method of claim 2642, furtheT comprising alloWpg heat to transfer from the 
heating mechanism to a selected section of the formation tcypyrolyze at least some 
hydrocarbons within th^selected section such that a ^rm^ability of a majority of the 
selected section increases substantially uniformly/ 

2577. The method cf claim 2542( further comprising controlling the heat to yield greater 



than about 60 % by 
Assay. 



eight of condensable hydrocarbons, as measured by the Fischer 



2578. The method of claim/2542, further comprising producing a mixture in a 
production well, and wherein at least about 7 heating mechanisms are disposed in the 
formation for each production well. ^"^^ 

2579. The method of claim 2542. further comprising providing heat from three or more 
heat sources to at leas/ a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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2580. The method of claim 2542, further comprising providing heat/from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality af the units are repeated 
over an area of the formation to form a repetitive pattern of umts. 

258 1 . A method for installing of wells in a hydrocarbon j/ontaining formation, 
comprising: 

forming a wellbore in the formation by geosteere^ drilling; and 
providing a heating mechanism within the wellbore such that the heating 
mechanism can transfer heat to at least a portion of/the formation. 

2582. The method of claim 2581. further comprising^maintaini^g a temperature within a 
selected section within a pyrolysis temperature rafige. 

2583. The method of claim 2581, whe^eip the heating n^fhanism comprises an 
electrical heater. 

2584. The method of claim 2?81, wjaerein the )ieating/mechanism comprises a surface 
burner. 

2585. The method of clain^ 258/ ,^fterein the heatir g mechanism comprises a flameless 
distributed combustor. 

2586. The method of clain}/2581 , wherein the heating\nechanism comprises a natural 
distributed combustor. 

2587. The method of claim 2581, further comprising controlling a pressure and a 
temperature within at /east a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 
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2588. The method of claim 2581. further comprising controlling the heat from the 
heating mechanism such that heat transferred from the heatifig mechanism to at least the 
portion of the formation is less than about 1 °C per day during pyrolysis. 



2589. The method of claim 258 1 , further comprising 

heating a selected volume (V) of the hydrocarbon containing formation from the 
heating mechanism, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided t6jh^volume equal to or less than Pwr. 
wherein Pwr is calculated by the equatior 
Pwr = h*V*C v *p B 

wherein Pwr is the heatip^energv/day, h is an avenge heating rate of the 
formation, p B is formation buik density, and wherein the fyeating rate is less than about 10 
°C/dav. 1 



2590. The method of/claim 258 1 , farther cpmprisin fallowing the heat to transfer from 
the heating mechanism to at least tMe pojtion of the formation substantially by 
conduction. 

2591. The method of claim 258 1 , further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0>-W/(m °C). 



2592. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the Produced mixture comprises condensable hydrocarbons having an 
API gravity of at leas/about 25°. 



2593. The method of claim 258 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the conden/able hydrocarbons 
are olefins. / 



2594. The method of claim 258 1 . further comprising producing; a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-conden/able hydrocarbons ranges 
from about 0.001 to about 0.15. 

2595. The method of claim 258 1 , further comprising/produciR^a~R;ixture from the 
formation, wherein the produced mixture comprise|>e<5ndensable hydriScarbons. and 
wherein less than about 1 % by weight, wher^ddcj/lated on an atopic oasis, of the 
condensable hydrocarbons is nitrogen. 

2596. The method of claim 258 1 , further comprising proving a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about Y% by weight, yvhen cal^dated fn an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2597. The method of claim 258 1 Trurther comprising producing a mixture from the 



formation, wherein t 



:ondensable hydrocarbons, and 



\e produced /pixture comprises 
wherein less than abouri-4^-tfWweight, when calcul ited on an atomic basis, of the 
condensable hydrocarbons isiulfur. 

2598. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight t<zf about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

2599. The metfiod of claim 2581. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2600. The method of claim 2581, further comprising producing a mixture, from the 
formation. wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2601 . The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture cprfiprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / / / 

2602. The method of claim/258 1 , further comprising Reducing a mixture from the 
formation, wherein the produced mixture comprises ^ndehsable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight offthe condensable hydrocarbons 
are cycloalkanes. / / / I 

2603. The method of (daim 258 1 ,Atfther comprising Producing a mixture from the 
formation, wherein the producg3jTiixture comprises a ion-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-conden >able component, and wherein the 
hydrogen is less than about W % by volume of the non-condensable component. 

2604. The method of claim 2581 , further comprising prb4^ in S a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2605. The method/of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2606. The method of claim 258 1 , further comprising controlling a pressure within at 
least a majority of a selected section of the formation, whereij/the controlled pressure is 
at least about 2.0 bar absolute. / 



2607. The method of claim 2581, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 

2608. The method of claim 2607, wherein the mWial pressure of H 2 within the mixture 
is measured when the mixture is at a prockiefioi/ well. 

2609. The method of claim 25&I, further comprising aher/ng a pressure within the 
formation to inhibit productkm of hydrocarbons from/n^ formation having carbon 
numbers greater than aboift 25. 

2610. The method of claim 2581, fiirther comprising producing a mixture from the 
formation and controllmg formatio^ conditions by rep irculating a portion of hydrogen 
from the mixture into tnfe formatk 

26 1 1 . The method of claim 268 1 9 further comprising: 
providing hydrogen (H 2 ) to at least the heated portion to hydrogenate 

hydrocarbons within the formation; and 

heating a portion of the formation with heat from hydrogenation. 

2612. The method of/claim 2581, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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2613. The method of claim 2581, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze &l least some 
hydrocarbons within the selected section such that a permeability oj/a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2614. The method of claim 258 1 , further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to/pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2615. The method of claim 2581, further compri^k^controllind the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



2616. The method of claim 2581, further comprising producing a mixture in a 
production well, and wherei^ at least abouy7 heat sources pre disposed in the formation 
for each production well. 

261 7. The method of cl lim 258 1 , further comprising providing heat from three or more 
heat sources to at least a portion of tfte fojmation, wherein three or more of the heat 
sources are located in the ibnnatij^in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



261 8. The method of claim 258 1 , further comprising providingii^at from three or more 
heat sources to at least a potion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2619. A method oy treating a hydrocarbon containing formation in situ, comprising: 
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heating a selected section of the formation with a heating element placed within a 
wellbore, wherein at least one end of the heating element is free tor move axially within 
the wellbore to allow for thermal expansion of the heating element. 

2620. The method of claim 261 9, further comprising at least two heating elements 
within at least two wellbores, and wherein superposition ofheat from at least the two 
heating elements pyrolyzes at least some hydrocarbons \yithin>-s£te&fed section of the 
formation. 

2621 . The method of claim 261 9, further comprising maintair^n^ a temperature within 



isir 



2622. The method of claim 26/9, wherein the heatipg element comprises a pipe-in-pipe 
heater. 

2623. The method of clairfi 2619. wh^eiiyfhe heating/element comprises a flameless 
distributed combustor. 

2624. The method of claim 26l#. wherein the heating element comprises a mineral 
insulated cable coupled to a support and wherein the support is free to move within the 
wellbore. 



25 



2625. The method of claim 261 9, wherein the heating element comprises a mineral 
insulated cable suspended from a wellhead. 

2626. The metho/of claim 261 9, further comprising controlling a pressure and a 
temperature witmn at least a majority of a heated section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of p/essure. 
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2627. The method of claim 2619, further comprising controlling the heat such that an 
average heating rate of the heated section is less than abput 1 °C per day during pyrolysis. 



2628. The method of claim 2619, wherein heating/fhe section of the formation further 
comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
heating element, wherein the formation has an average heat capacity (C v ), and wherein 
the heating pyrolyzes at least some hydrocarbons within the selected volume of the 
formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the^h^atingf eitergy/day, h is an average heating rate of the 
formation, p B is form^Jpn bulk /lenity, and wherein the heating rate is less than about 10 
°C/day. 

2629. The methx/a of claii^61 9 Wherein heating the section of the formation 
comprises transfer^uag^flpt substantially by conduction. 

2630. The method o£ claim 2619, further comprising heating the selected section of the 
formation such thaj/a thermal conductivity of the selected section is greater than about 
0.5 W/(m °C). 

263 1 . The method of claim 261 9, further comprising producing a mixture from the 
formationywherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

y 

2632^The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wfterein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
a'e olefins. 
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2633. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-conaensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2634. The method of claim 261 9, further comprising proclusing a mixture from the 
formation, wherein the produced mixture compris^6ondensable hydrocarbons, and 
wherein less than about 1 % by weight, wheja^calculated ory$n atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2635. The method of claim 26^9, furtlier comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



wherein less than about 1 % by weight, when calculated 
condensable hydrocarbons is oxygen. 



Dn an atomic basis, of the 



2636. The method of/claim 261 9, further comprising producing a mixture from the 
formation, wherein the\produced mixture comprises condensable hydrocarbons, and 
wherein less than abouNvs^^by^w^ght, when calculated oti an atomic basis, of the 
condensable hvdrocarboi/s is sulfur. 



2637. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containiijg compounds, and wherein the oxygen containing compounds comprise 
phenols. 



2638. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 



compounds. 
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2639. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2640. The method of claim 261 9. further comprising producing a mixture from the 
formation, wherein the produced mixture compri^e^eondensable hydrocarbons, and 
wherein less than about 0.3 % by weight of tj^condens^le hydrocarbons are 
asphaltenes. 



2641 . The method of claim 26^9, further comprising producing a mixture from the 
formation, wherein the produced mixtj/re comprises/condensable hydrocarbons, and 
wherein about 5 % by weight to aboitt 30 ^oby w^ght of the condensable hydrocarbons 
are cycloalkanes. 



2642. The method/of claim 26a9yftirther comprising producing a mixture from the 
formation, wherein the produced/mixture comprises a non-condensable component, 
wherein the non-condensable/component comprises hydrogen, wherein the hydrogen is 
greater than abouV 10 % h/volume of the non-condensable component, and wherein the 
hydrogen is less than abput 80 % by volume of the non-condensable component. 



2643. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein/me produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2644. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2645. The method of claim 261 9. further comprising controlling/a pressure within the 
selected section of the formation, wherein the controlled pressure is at least about 2.0 bar 
absolute. / 



2646. The method of claim 261 9, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a parti^T pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2647. The method of claim 2647, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production^ well. 

2648. The method of claim 261 9, further comprising altering a pressure within the 
formation to inhibit production of hydroc^bon^ffom \m formation having carbon 
numbers greater than about 25. is / 1 

2649. The method of claim 2dJ / 9, further composing producing a mixture from the 
formation and controlling formation conditioiafs by recirculating a portion of hydrogen 
from the mixture into th^ormaticfn. / / 

2650. The method of claim 261 9, further comprising: 

providing hydrogen (H2) tc/the heated se ction to hydrogenate hydrocarbons 
within the heated section; pid / 

heating a p^rtio^opme section with hea^from hydrogenation. 

265 1 . The method of claim 26 1 9, further comprising: 

producing h/drogen and condensable hydrocarbons from the formation; and 
hydrogenafing a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2652. The method of claim 2619, wherein heating comprises increasing a permeability 
of a majority of the heated section to greater than about 100 millidarcy. 
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2653. The method of claim 2619. wherein heating comprises s 
increasing a permeability of a majority of the heated section. 



2654. The method of claim 261 9, wherein the heating is Controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 



£3 
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2655. The method of claim 2619. further comprising producing a mixture in a 
production well, and wherein at least about 7 heaysources^^isp^ed in the formation 

] 0 for each production well. 

2656. The method of claim 2619, furAefr comprising providing heat from three or more 
heat sources to at least a portion of*ne formation, wherein three or more of the heat 

h sources are located in the formation in a/Unit of he^r sources/ and wherein the unit of heat 

7 5 sources comprises a triangi^r pattern^ 



■25 



2657. The method offclaim 261 9,Airthe/comprising providing heat from three or more 
heat sources to at least a portion pf th^tormation, wherein three or more of the heat 
sources are located in the formaftioji in a unit of heat sources, wherein the unit of heat 
sources comprisesl a triangula^attern, and wherein a plurality of the units are repeated 
over an area of the rbmiatioh to form a repetitive pattern of units. 

2658. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heatyfrom one or more heat sources to at least a portion of the 

formation; 

allowing thd heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through a production well, wherein the 
production well is located such that a majority of the mixture produced from the 
formation comprises non-condensable hydrocarbons and a non-condensable component 
comprisina/hydrogen. 
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2659. The method of claim 2658, wherein the one or more'heat sources comprise at 
least two heat sources, and wherein superposition of heat/from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

5 formation. 

2660. The method of claim 2658, further composing maintaining a temperature within 
the selected section within a pyrolysis temperajmre range. 

10 2661. The method of claim 2658. wherei^tiie^roductkf^ well is less than 
approximately 6 m from a heat source oMie one or mope heat sources. 



2662. The method of claim 2j658, wherein the /rocmction well is less than 
approximately 3 m from a Meat source of throne or more heat sources. 

2663. The method of claim 26S&, wherein the production well is less than 
approximately 1 .5 vk from a heat source of the dne or more heat sources. 



\5 



O 20 



2664. The methop of claim/2658, wherein an 
a wellbore of the pfoduetjbn well. 



idditional heat source is positioned within 



2665. The method oyclaim 2658, wherein the pne or more heat sources comprise 
electrical heaters. 

25 2666. The metlpd of claim 2658, wherein the one or more heat sources comprise 
surface burners 

2667. The'method of claim 2658, wherein the one or more heat sources comprise 
flameless/distributed combustors. 



30 



% 
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2668. The method of claim 2658. wherein the one or m^re heat sources comprise natural 
distributed combustors. 

2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2670. The method of claim 2658. further comprising controlling the heat such that an 
average heating rate of the selecte^^ction is less t^aryabout 1 °C per day during 
pyrolysis. 



2671 . The method of daim 2658. wherein providing heat from the one or more heat 
sources to at least th^portion/of formation comprises: 

heating a selected Wlume ( V) of the hydrocarbon containing formation from the 
one or more heat sources/wherein the formation has an average heat capacity (C v ). and 
wherein the heatmg pyrplj^s at least some hyprocarbons within the selected volume of 
the formation; and 

wherein hearing energy/day provided tc 
wherein Pwr is emulated by the equation: y 

Pwr = hjV*C v *p B 

wherein Pwr is the heating energy /day, h is an average heating rate of the 
formation, p/is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



the volume is equal to or less than Pwr, 



2672. /The method of claim 2658, wherein allowing the heat to transfer from the one or 
more Meat sources to the selected section comprises transferring heat substantially by 
conduction. 
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2673. The method of claim 2658, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2674. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2675. The method of claim 2658, wherein the produced mhOurelxJtaprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to^bout 15 % by Weight of the 
condensable hydrocarbons are olefins. 

2676. The method of claim 2658, vdfexim a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges^rorr/about 0.001 to about 0/1 5. 



2677. The method of claim 2658, /vherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, ^hen calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2678. The method bf claim/2658, wl^rein the produced nfcixture 
hydrocarbons, and wherein/less tf^n about 1 % by weight 
basis, of the condensabl^oydrocarbons is oxygen. 



comprises condensable 
when calculated on an atomic 



2679. The method of/claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



2680. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons/wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbon? comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2681. The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weigh/of the condensable, 
hydrocarbons are aromatic compounds. 

2682. The method of claim 265 8, wherein the produce^ mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with mor^thSn twolrings. 

2683. The method of claim 2658. wherehyfne produced mixtur^comprises condensable 
hydrocarbons, and wherein less than ^Dout 03/% by weight pf tne condensable 
hydrocarbons are asphaltenes. 



2684. The method of clai^n 2658, wherein the proauced mixture comprises condensable 
hydrocarbons, and wherein about 5 %Joy weigjrt to about yQO % by weight of the 
condensable hydrocarbons are cycloalkanesc 



2685. The method of fclaim 265& > ^herein the produc 
condensable component, whefi&n the non-condensable 
wherein the hydrogen is greater than about 10 % by vo 

component, and wherein the hydrogen is less than aboui 80 % by volume of the non 



d mixture comprises a non- 
component comprises hydrogen, 
ume of the non-condensable 



condensable components 



\ 



2686. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein greate/ than about 0.05 % by weight of the produced mixture is ammonia. 

2687. The metnod of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein tMe ammonia is used to produce fertilizer. 



2688. The method of claim 2658. further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at leadt about 2.0 bar absolute. 
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2689. The method of claim 2658, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of Hb within )ne mixture is greater than 
about 0.5 bar. 

2690. The method of claim 2689, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well/ 

2691 . The method of claim 2658. further comprfsing^Itenng a pressure within the 
formation to inhibit production of hydrocarbon/from the formation having carbon 
numbers greater than about 25. 

2692. The method of claim 265^furtheycomprising controlling formation conditions 
by recirculating a portion of the hydrogen from tne mixture into the formation. 



ompnsing: 
ated section to hydrogenate hydrocarbons 



2693. The method of ctfim 2658, farther 

providing hydrpgen (H2) to/the 
within the section; a] 

heating a portion of the ^6tion with heat from hydrogenation. 



v 



2694. The method of claim/2658, further comprising: 

producing condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced/hydrogen. 



2695. The method/of claim 2658, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2696. The method of claim 2658, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2697. The method of claim 2658. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons 5/ as measured by the Fischer 
Assay. / 



2698. The method of claim 2658, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at/east about 7 heat sources are disposed in 
the formation for each production well. 

2699. The method of claim 2658, further ^comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in/a unit ofhe^tsp^rces, and wherein the unit of heat 
sources comprises a triangular pattern. 



2700. The method of claim 265$, further comprising providing heat from three or more 
heat sources to at least a po^m of the forn^tiop, wherein three or more of the heat 
sources are located in tty formation in a jlhit of heat sources, wherein the unit of heat 
sources comprises a trfangUlar pattern/and wWerein a plurality of the units are repeated 
over an area of the formation to fopfn a repetitive pattern of units. 



2701. A method 
providing 



oytreatin^a hydrocarbon containing formation in situ, comprising: 
itfjxfkx least a portion of the formation from one or more first heat 
sources placed Within a pattern in the formation; 

allowing the heat to transfer from the one or more first heat sources to a first 
section of the formation; 

hea ling a second section of the formation with at least one second heat source, 
wherein the second section is located within the first section, and wherein at least the one 
second/heat source is configured to raise an average temperature of a portion of the 
secorjtl section to a higher temperature than an average temperature of the first section; 
anc 
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producing a mixture from the formation through I production well positioned 
within the second section, wherein a majority of the produced mixture comprises non- 
condensable hydrocarbons and a non-condensable component comprising H 2 
components. 

2702. The method of claim 2701, wherein throne or more first heat sources comprise at 
least two heat sources, and wherein superposition oHie^flr^m at least the tw ; o heat 
sources pyrolyzes at least some hydrocarbons w™in the fii^iJ section of the formation. 

2703. The method of claim 2701 . foraier comprising n/aintaining a temperature within 
the first section within a pyroly sis temperature range. 

2704. The method of clafm 2701 /wherein at leastihe one heat source comprises a 
heater element positioned withinihe production well. 



2705. The method of claim 2/701 , Wherein at least the one second heat source comprises 
an electrical header. 

2706. The method of cl^i 270 1 . wherein at l^ast the one second heat source comprises 
a surface burner , 

2707. The method of claim 2701 , wherein at least the one second heat source comprises 
a flameless distributed combustor. 



2708. The method of claim 270 L wherein at least the one second heat source comprises 
a natural distpbuted combustor. 

2709. The method of claim 2701 ; further comprising controlling a pressure and a 
temperature within at least a majority of the first or the second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 
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271 0. The method of claim 2701 5 further comprising controlling the heat such that an 
average heating rate of the first section is less than about 1 YC per day during pyrolysis. 



271 1 . The method of claim 2701 , wherein providing ^feat to the formation further 
comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more first heat sources, wherein the formation has an average heat capacity (C v ). 
and wherein the heating pyrolyzes at least som/hydrocarbons within the selected volume 
of the formation; and 

wherein heating energy/day proykfe/5 to the voj^me is equal to or less than Pwr 9 
wherein Pwr is calculated by the ea*iatior 

Pwr = h*V*C v *p B 

wherein Pwr is the heating enef gy/day, H is/an average heating rate of the 
formation, p B is formation bulk dens/ty, and yftier^in the heating rate is less than about 10 

°C/dav. 



2712. The method of claim 2701, wherein allowing the heat to transfer comprises 
transferring heat substantially/by conduction. 

2713. The method of claim/2701, wherein providing heat from the one or more first heat 
sources comprise^heating the first section such that a thermal conductivity of at least a 
portion of the first sect/on is greater than about 0.5 W/(m °C). 



2714. The method/of claim 2701. wherein the produced mixture comprises condensable 
hydrocarbons haying an API gravity of at least about 25°. 

2715. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2716. The method of claim 270 1 , wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about OjOOI to about 0.15. 



2717. The method of claim 270 1 ; wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about yf % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/nitrogen. 

2718. The method of claim 2701, wh&^rfithe produced mixture comprises condensable 
hydrocarbons, and wherein less th^&bout 1 % by \/eight, when calculated on an atomic 
basis, of the condensable hyckdcarbons is oxyger 

2719. The method ofclaim 2701, wherein^e/produced mixture comprises condensable 
hydrocarbons, and/Wherein les/ than about 1 % by weight, when calculated on an atomic 
basis, of the conraensable hydrocarbon/is sujrur. 



2720. The' method of claim 270/, whereiiy the produced mixture comprises condensable 



hydrocarjbons, wherein about 5 /o /o by weig 
hydrocarbons comprise/oxygen containing 
containing compounds comprise phenols 



it to about 30 % by weight of the condensable 
compounds, and wherein the oxygen 



2721.1 The methofl of claim 2701, whereih the produced mixture comprises condensable 
hydroc^oftsfai/d wherein greater than ablput 20 % by weight of the condensable 
hydrocarbons afe aromatic compounds. 



2722. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbc/ns, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2723. /The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2724. The method of claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30/% by weight of the 
condensable hydrocarbons are cycloalkanes. 

2725. The method of claim 2701 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 °//by volume of the non-condensable 
component, and wherein the hydrogen is less jman about 80 % by volume of the non- 
condensable component. 

2726. The method of claim 2701, wWein the produced mixture comprises ammonia, 
and wherein greater than about 0*05 % by weight/©! the produced mixture is ammonia. 

2727. The method of craim 270 K wherein tne produced mixture comprises ammonia, 
and wherein the amrrfonia is usefl to produce fertilizer. 



2728. The method of claiiV2701, fifrther c 
least a majority of the first/or the second sec 
pressure is at/least about/2.0 bar absolute. 



prising controlling a pressure within at 
ion of the formation, wherein the controlled 



2729. The method of claim 2701 , further comprising controlling formation conditions to 
produce the mixtOTpfwherein a partial pressure of H2 within the mixture is greater than 



about 0.5 bar. 



su^e of H2 wit 



2730. The method of claim 2729, wherein the partial pressure of H2 within the mixture 
is measured/when the mixture is at a production well. 

273 1 . TThe method of claim 270 1 . further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2732. The method of claim 2701 . further comprisim/controlling formation conditions 
by recirculating a portion of hydrogen from the mimire into the formation. 



2733 . The method of claim 2701, further comprising: 

providing hydrogen (H 2 ) to the first or /Second section to hydrogenate 
hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or secdndse^tion, respectively, with heat from 
hydrogenation. 



2734. The method of claim 2f01 , fiMher comprising 

producing conden^ble hydrocarbons from ttte formation; and 
hydrogenating/a portion o^the produced condensable hydrocarbons with at least a 
portion of the prodticed hydrogen 



2735. The method of claim 2701 , Wherein allowing the heat to transfer comprises 
increasing aypermeability oya majority of the fir^t or second section to greater than about 
100 millidafrcy. 

2736. ThA method oMlaim 2701 , wherein allowing the heat to transfer comprises 
substantially OTifoiroJy increasing a permeability \of a majority of the first or second 
section. 



2737. The metlaod of claim 2701 , wherein heating the first or the second section is 
controlled to yield greater than about 60 % by weight of condensable hydrocarbons, as 
measured byAhe Fischer Assay. 

2738. The method of claim 2701, wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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2739. The method of claim 270 1 , further comprising Providing heat from three or more 
heat sources to at least a portion of the formation, wWerein three or more of the heat 
sources are located in the formation in a unit of he/t sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2740. The method of claim 2701, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern Ajadwherein a plurality of the units are repeated 
over an area of the formation to forma repetitive pattern of units. 

2741 . A method of treating a hvflrocarbc/n containing formation in situ, comprising: 
providing heat h*to the formatter/ from a plurality of heat sources placed in a 

pattern within the fo^mation^here^ ^spacing between heat sources is greater than 
about 6 m; 

allowing the heat ^6 trap^fer f/om the plurality of heat sources to a selected 
section of theTormation/ 

producing a mi^tur^ from thi formation from a plurality of production wells, 
wherein the plurality/of production wells are positioned within the pattern, and wherein a 



spacing between production wells is 



greater than about 12 m. 



2742. The metffod of claim 2741 , wherein superposition of heat from the plurality of 
heat sources paralyzes at least some hydrocarbons within the selected section of the 
formation. / \ 

2743. Thk method of claim 2741 , further comprising maintaining a temperature within 
the selec/ed section within a pyrolysis temperature range. 



27447 The method of claim 2741, wherein the plurality of heat sources comprises 
electrical heaters. 
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2745. The method of claim 2741. wherein the plurality of heat sources comprises 
surface burners. / 



2746. The method of claim 2741 , wherein the plurality of heat sources comprises 
flameless distributed combustors. 



2747. The method of claim 2741 , wherein tl/e plur^Hty^heat sources comprises 
natural distributed combustors. 




2748. The method of claim 2741, fufth^r comprising Controlling a pressure and a 
temperature within at least a mai^fity of the selected/seofion of the formation, wherein 
the pressure is controlled as a^iuncti^n of temperature, pr the temperature is controlled as 
a function of pressure. 



2749. The method of daim 2741 , further/omprisina controlling the heat such that an 
average heating rate cp the selected section is less thap about 1 °C per day during 
pyrolysis. 

2750. The method o^eJ4im x 2741 ; wherein providing fyeat from the plurality of heat 
comprises: 

heating a selected volume ( V)of the hydrocarbon containing formation from the 
plurality of heat sources, wherein the formation has an average heat capacity (C v ) ; and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pw?\ 
wherein Pmt is calculated by the equation: 
pJr = h*V*C v *p B 

therein Pwr is the heating energy/day. h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/d/v. 



669 



^■Cpnlev. 



pnlev. Rose & Tavon. P C 



275 1 . The method of claim 2741. wherein allowing the heat to/transfer comprises 
transferring heat substantially by conduction. / 



2752. The method of claim 274 1 ; wherein providing heat comprises heating the selected 
formation such that a thermal conductivity of at least apportion of the selected section is 
greater than about 0.5 W/(m °C). 

2753. The method of claim 2741 5 wherein the n/oduced mixture comprises condensable 
hydrocarbons having an API gravity of at least/aboi 

2754. The method of claim 2741 , whejem the produced mixture comprises condensable 
hydrocarbons, and wherein about OJfVoJby weigjaffto about 15 % by weight of the 
condensable hydrocarbons are olefins/ 



2755. The method of cknm 274 U wherein the produced mixture comprises non- 
condensable hydrocarbons, and/WhereiV a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abotit 0.001 to about 0.15. 



2756. The mettfod of claim 2741 , whereir 
hydrocarbons, a(nd wherein tess than about 
basis, of the condensable ^Hydrocarbons is 



the produced mixture comprises condensable 
1 % by weight, when calculated on an atomic 
trogen. 



2757. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, afad wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2758. Thfe method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis,/bf the condensable hydrocarbons is sulfur. 
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2759. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wjrerein the oxygen 
containing compounds comprise phenols. 

2760. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 %py weight of the condensable 
hydrocarbons are aromatic compounds. 

276 1 . The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about^%^6yw^ght of the condensable 
hydrocarbons comprises multi-ring j^Kfnjatics with rfiore than two rings. 

2762. The method of clajm 2741, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein less t^ran about/f.3/% by weight of the condensable 
hydrocarbons are a^phaltenes. 



2763. The method of claim 274/L wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aifout 5 % by height to about 30 % by weight of the 
condensablelhydrocaAoHs are cycloalkanes. 

2764. The methefd of claim 274 1 , where in the produced mixture comprises a non- 
condensable component, wherein the non^condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component/ and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



276y The method of claim 2741 , wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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2766. The method of claim 2741, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. / 



2767. The method of claim 2741, further comprising Controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2768. The method of claim 2741, further comprising controlling formation conditions to 
produce the mixture, wherein a partial press/re of H 2 within the mixture is greater than 
about 0.5 bar. 

2769. The method of claim 27£#T wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at ayproductionwell. 



2770. The methopr }f claim 274/, furthepxomprising altering a pressure within the 
formation to inhibit productionyof hydrocarbons from the formation having carbon 
numbers greater than about 21 



2771. Thehiethod of claftp^74L further 
by recirculating a portijan of hydrogen from 



c uprising controlling formation conditions 
the mixture into the formation. 



2772. The method of claim 2741, further comprising: 

providing hydrogen (H2) to the selected section to hydrogenate hydrocarbons 
within the selected section; and 

heating/a portion of the selected section with heat from hydrogenation. 



2773. Theymethod of claim 2741 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
^drogenating a portion of the produced condensable hydrocarbons with at least a 
portion/of the produced hydrogen. 
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2774. The method of claim 2741 5 wherein allowing the heat to /transfer comprises 
increasing a permeability of a majority of the selected section/o greater than about 100 
millidarcy. 

2775. The method of claim 2741 , wherein allowing th/ heat to transfer comprises 
substantially uniformly increasing a permeability of ^/majority of the selected section. 

2776. The method of claim 2741. further compn^GfT!Untrofling the heat to yield greater 
than about 60 % by weight of condensable Jjyf^ocarbons,^ measured by the Fischer 
Assay. 

2777. The method of claim 27^1 , wherein at le^t ab^ut 7 heat sources are disposed in 
the formation for each production wel 



2778. The method of claim 274 U further comprising providing heat from three or more 
heat sources to at least a portior/ of the formation, wherein three or more of the heat 
sources are locatecy in the formatimi in a unit of heqt sources, and wherein the unit of heat 
sources comprises k triangular pattern. 



2779. The method of claim 2741, further comprising\providing heat from three or more 
heat sources to at leas/a portion of the formation, wherein three or more of the heat 
sources are located m the formation in a unit of heat sources, wherein the unit of heat 
sources comprises/a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2780. A system configured to heat a hydrocarbon containing formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to providie heat to at least a portion of the formation during use; 
in oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
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use. and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at th/ reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone ofthe formation during use. 

2781 . The system of claim 2780. wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing tyuid is transported through the reaction 
zone substantially by diffusion. 

2782. The system of claim 2780, whereip^Tne conduct comprises orifices, and wherein 
the orifices are configured to provide^he /xidizinjf fluid into the opening. 

2783. The system of claipr 2780, wherein tHe/conduit comprises critical flow orifices, 
and wherein the criticaKflow orifices are jefonfigured to control a flow of the oxidizing 
fluid such that a rate of oxidation/in the formation is controlled. 

2784. The system of claim 2/780; wherein the conduit is further configured to be cooled 
with the oxittizing fluid such mat the conduit is not substantially heated by oxidation. 



2785. The system of c} 
oxidation product. 



2780, wherein the conduit is further configured to remove an 



2786. The-sySten/ of claim 2780, wherein theconduit is further configured to remove an 
oxidation product such that the oxidation product transfers substantial heat to the 
oxidizine fluid: 



2787. The/ system of claim 2780, wherein the conduit is further configured to remove an 
oxidatioivproduct, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



674 ^£onle\\ Rose & Tayon. P C. 



2788. The system of claim 2780. wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in tne conduit and a 
pressure of the oxidation product in the conduit are controlled t^/reduce contamination of 
the oxidation product by the oxidizing fluid. 

2789. The system of claim 2780. wherein the conduit i/further configured to remove an 
oxidation product, and wherein the oxidation product/is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2790. The system of claim 2780. wherein th/ oxidizing fluid is substantially inhibited 
from flowing into portions of thg^rmatioi/beyonfl the reaction zone. 

2791 . The system of)efaim 2780, further comprising a center conduit disposed within 
the conduit, wherein the center conduit isxonfigured to provide the oxidizing fluid into 
the opening during use. and wheyein^Jne conduit is further configured to remove an 
oxidation product during use. 

2792. T/he system of clainy2780, wraerein the portion of the formation extends radially 
from ihk opening a widtn/of less than approximately 0.2 m. 



2793. \The systen^of claim 2780/further comprising a conductor disposed in a second 



conduit. 



fen/the second con< 



lit is disposed within the opening, and wherein the 
conductor is configured to heat a| least a portion of the formation during application of an 
electrical current to the conductoi 



2794. The system of claim 2780. further comprising an insulated conductor disposed 
withbl the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. 
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2795. The system of claim 2780, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated memh^is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. / 

2796. The system of claim 2780, further comprising a heat exefhanger disposed external 
to the formation, wherein the heat exchanger is configured torheat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use 5 and wherein the heated oxidizing Quid is configured to heat at least a 
portion of the formation during use. / 

2797. The system of claim 2780. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing j/dftpo^d in an overburden of the 
formation. / / 

2798. The system of claim / 2780 ? fupmer comprising an overburden casing coupled to 
the opening, wherein tiie overburden casing is/list/osed in an overburden of the 
formation, and wherein the overburden casizig comprises steel. 

2799. The system of claiir/2780, fWher comprising an overburden casing coupled to 
the opening, wherein the^overbupden casing is disposed in an overburden of the 
formation, and whe^&irohMwerburden casing is further disposed in cement. 



2800. The systenVof claim 2780, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the/opening. 

2801 . Th^ system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing durii^g use. 

2802. The system of claim 2780. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



10 



2803. The system of claim 2780. wherein the sysfem is furthercmifigured such that 
transferred heat can pyrolyze at least somp^ ; dre>carbons in thg^pyrolysis zone. 
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2804. A system configurable teTieat a hydrocarbon coitfaming formation, comprising: 
a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further confiscable to provicje heat to at^east/a portion of the formation during 
use; 

a conduit jefonfigurable to b£ disposecKin the Opening, wherein the conduit is 
configurable to/provide an oxidizing fluicr from an oxidizing fluid source to a reaction 
zone in the formation during tise. and *vherein the /system is configurable to allow the 
oxidizing fluid to oxidize at4east sefme hydrocarbons at the reaction zone during use such 
that heat is generated at the rearaon zone; and 



wherein tt^e sysxejHTis further configurab 
by conduction from tne reaction zone to a pyroh 



e to allow heat to transfer substantially 
sis zone of the formation during use. 



2805. The system of claim 2804. wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing f\uid is transported through the reaction 
zone substantially by diffusion. 



2806. The system of claim 2804. wherein the conduit comprises orifices, and wherein 
the orifipes are configurable to provide the oxidizing fluid into the opening. 
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2807. The system of claim 2804, wherein the conduit comprises Critical flow orifices, 
and wherein the critical flow orifices are configurable to contro/a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlk 

2808. The system of claim 2804, wherein the conduit isAirther configurable to be 
cooled with the oxidizing fluid such that the conduit is /ot substantially heated by 
oxidation. 

2809. The system of claim 2804, wherein the CQtiduit is further configurable to remove 
an oxidation product. 

2810. The system of claim 2S^4, wherein/the conduit is further configurable to remove 
an oxidation product, such/that the oxidanon product transfers heat to the oxidizing fluid. 



2811. The systenyof claim 2804, wnerein the jefonduiy is further configurable to remove 
an oxidation product, and wherein/a flow rajfre of the dxidizing fluid in the conduit is 
approximately/equal to a flow rate of the/oxidation product in the conduit. 



28 12. The system of clairpr 2804/wherein the condi 



an oxidation 



it is further configurable to remove 



S^roduct, anp wjv^fein a pressure of the oxidizing fluid in the conduit and a 
pressure of the o5ridatran product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



2813. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation t/roduct, and wherein the oxidation product is substantially inhibited from 
flowing intef portions of the formation beyond the reaction zone. 

2814. Tihe system of claim 2804, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



678 



onlev. Rose & Tavon. P.C. 



^^pnlev. ! 



28 1 5. The system of claim 2804. further comprising a center conmiit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 

2816. The system of claim 2804, wherein the portion pi the formation extends radially 
from the opening a width of less than approximatelv^6^~rS\ 

28 1 7. The system of claim 2804, furtjier composing a conductor disposed in a second 
conduit wherein the second condjrft is disposed within /he opening, and wherein the 
conductor is configurable to h^at at least a portion of Jne formation during application of 
an electrical current to the^conductor. 



2818. The system pi claim 2804. further comprising an insulated conductor disposed 
within the opening, wherein the itfsulated conductor is configurable to heat at least a 
portion of the formation during/applicatjon of ap electrical current to the insulated 
conductor. 



2819. The 
disposed wi 

configurable\o heat4pteast a portion of the formation during application of an electrical 
current to the at least the one elongated member. 



system of claim 2804, further comprising at least one elongated member 
thin the openings wherein the at least the one elongated member is 



2820. The system of claim 2804. further composing a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 
wherein rfie conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use. and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 
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2821 . The system of claim 2804, further comprising an overburdeh casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2822. The system of claim 2804 ; further comprising an oVerburden casing coupled to 
the opening, wherein the overburden casing is disposed iA an overburden of the 
formation, and wherein the overburden casing compris/s steel. 

2823. The system of claim 2804, further comprisu(^an overburde^ casing coupled to 
the opening, wherein the overburden casinsj^isposed in an overburden of the 
formation, and wherein the overburden^asing is further disposed in cement. 

2824. The system of claim 2804, further ^mprisingA/overburden casing coupled to 
the opening, wherein a pacing material p disposed aj/a junction of the overburden 
casing and the opening. 

2825. The system arf claim 2804, furthe^comprising an overburden casing coupled to 
the opening, wherefin the overburden easing is disposed in an overburden of the 
formation, wherein a packing material is disposed 
and the opening. aWl whereii^tne packing materia 



at a junction of the overburden casing 
is configurable to substantially inhibit 



a flow of fluid between the^ opening and the overburden casing during use, 

2826. The system of Vlaim 2804, further comprising an overburden casing coupled to 
the opening, whereir/the overburden casing is disposed in an overburden of the 
formation, whereir/a packing material is disposed at a junction of the overburden casing 
and the opemngjind wherein the packing material comprises cement. 

2827. The system of claim 2804, wherein the system is further configurable such that 
transferred/heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2828. An in situ method for heating a hydrocarbon containing formation, comprising: 
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heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a pjmion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; anc 

transferring the generated heat substantially by induction from the reaction zone 
to a pyrolysis zone in the formation. 

2829. The method of claim 2828 ; further comp^kl^ransp^in/the oxidizing fluid 
through the reaction zone by diffusion. 

2830. The method of claim 282^<ilirtheryComprising directing at least a portion of the 
oxidizing fluid into the openirfg through/orifices of a conduit disposed in the opening. 

283 1 . The method of^laim 2828, further ccmprisirfg controlling a flow of the oxidizing 
fluid with critical flo& orifices of/a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



2832. The methcd of clanfa 282?: further comprising increasing a flow of the oxidizing 
fluid in the openirk to ap^corpmodate an increase iqi a volume of the reaction zone such 
that a rate of oxidatfe^%substantially constant ov^r time within the reaction zone. 



2833. The method of claim 2828, wherein a conduit is aisposed in the opening, the 
method further cfompri sing cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit/by oxidation. 



2834. The method of claim 2828. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the cortauit. 
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2835. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product fromine formation through 
the conduit and transferring heat from the oxidation product \y( the conduit to oxidizing 
fluid in the conduit. 

2836. The method of claim 2828, wherein a conduit \% disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in tne conduit. 

2837. The method of claim 2828, wherein A condmH^isfjosed/within the opening, the 
method further comprising removing an oxidation prodj^et from the formation through 
the conduit and controlling a pressure between the oxraizing fluid and the oxidation 
product in the conduit to reduce ^0nt^mination ofj^fe oxidation product by the oxidizing 
fluid. 



2838. The method of claim 282:8, whereip a conduit is disposed within the opening, the 
method further comprising removing aiVoxidation product from the formation through 
the conduit and/substantially inhibitipg the pxidation product from flowing into portions 
of the formation beyond tfie reaction zone.. 



2839. Thelmethod o/clainy2828, furthe:- 
oxidizing flbid frontf flowing into portions 



comprising substantially inhibiting the 
of the formation beyond the reaction zone. 



2840. The method of claim 2828. wherein^a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is dispfrsed-within the opening, the method further 
comprising/providing the oxidizing fluid into the opening through the center conduit and 
removing/an oxidation product through the outer conduit. 



2841 ./ The method of claim 2828. wherein the portion of the formation extends radially 
fromr the opening a width of less than approximately 0.2 m. 



682 



onley. Rose & Tayon. P.C. 



2842. The method of claim 2828. wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, whereiryrhe conduit is disposed 
within the opening. 



2843. The method of claim 2828. wherein heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 

2844. The method of claim 2828, wherein heating the p^rti^rreemprises applying 
electrical current to at least one elongated memj/efciisposed within the opening. 

2845. The method of claim 2828^hereiniieating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to mk formation such that providing 
the oxidizing fluid into t^e opening comprises transfixing heat from the heated oxidizing 
fluid to the portion. 



2846. The method of claim 28^8. further comprising 
prior to heating/the portion. 



removing water from the formation 



2847. The method of clairn 282s, further comprising controlling the temperature of the 
formation to subst^tia]4>ifihibit production of oxides of nitrogen during oxidation. 



2848. The methocr of claim 2828. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2849. Th£ method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



683 



^^Xonlev. 



onlev. Rose & Tayon. P.C. 



2850. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed/in cement. 

2851 . The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a jpiction of the overburden 
casing and the opening. / 

2852. The method of claim 2828. wherein the pyrcflysis zone is substantially adjacent to 
the reaction zone. / 

2853. A system configured to heat a hydrocarbon containing formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of th^orm^itiofKduring use; 
an oxidizing fluid source; / 

a conduit disposed in the opening, wheref^f the conduit is configured to provide an 
oxidizing fluid from the oxid^mg fluid sourpe to a reaction zone in the formation during 
use, wherein the oxidizing'fluid is selected to/oxidize at least some hydrocarbons at the 
reaction zone during i*se such mat heafis generated at the reaction zone, and wherein the 
conduit is further oonfigured/to renafove an oxidation product from the formation during 
use; and / / / / 

where/n the system^ configured to allow heat to transfer substantially by 
conduction from the ration zone to a pyrolysis zone of the formation during use. 

2854. The systepn of claim 2853, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. \ 



2855. The system of claim 2853. wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 
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2856. The system of claim 2853, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a ifo\\ 7 of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled/ 

2857. The system of claim 2853. wherein the conduit is farther configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

2858. The system of claim 2853. w 7 herein the conduit is further configured such that the 
oxidation product transfers heat to the oxidizing fluid. 

2859. The system of claim 2853 ; w'herejn^a/flow rate of the oxidizing fluid in the 
conduit is approximately equal to a rafte of the oxidatron product in the conduit. 

2860. The system of clairry2853. wherein a pressun^of the oxidizing fluid in the conduit 
and a pressure of the oxiaation product in the conduit are controlled to reduce 
contamination of the cfxidation product by the oxidizing fluid. 

2861. The system of claim>2853. wherein the oxidation product is substantially inhibited 
from flowing intq portions of the^ormation beyond the reaction zone. 



2862. The system (Jfclaim 2853. wherein the 
from flowing into portions of the formation 



oxidizing fluid is substantially inhibited 
beyond the reaction zone. 



2863. The system of claim 2853. further comprising a center conduit disposed within 
the conduit./wherein the center conduit is configu^edJo provide the oxidizing fluid into 
the openimz during use. 



2864. /The system of claim 2853, wherein the portion of the formation extends radially 
fron/the opening a width of less than approximately 0.2 m. 
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2865. The system of claim 2853. further comprising a conductor disopsed in a second 
conduit, wherein the second conduit is disposed within the opening^and wherein the 
conductor is configured to heat at least a portion of the formation/during application of an 
electrical current to the conductor. 

2866. The system of claim 2853. further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is^configured to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. 



2867. The system of claim 2853< / further comprising at/^ast one elongated member 
disposed within the opening/wherein the at least the one elongated member is configured 
to heat at least a portion^? the formation during application of an electrical current to the 
at least the one elongated member/ 

2868. The system of claim 2853, furrier comprising a heat exchanger disposed external 
to the formation^ wherein the heat ^xchanger is configured to heat the oxidizing fluid, 
wherein the conduit is Mther configured to provide the heated oxidizing fluid into the 
opening duringluse. and v^erein the heated oxidising fluid is configured to heat at least a 
portion of the formation during use. 



2869. The system of claim 2853, further comprising an overburden casing coupled to 
the opening/ wherein the overburden casing is disposed in an overburden of the 
formation. 



2870; The system of claim 2853, further comprising an overburden casing coupled to 
th/ opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2871 . The system of claim 2853. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2872. The system of claim 2853, further comprising an cfverburden casing coupled to 
the opening, wherein a packing material is disposed at /junction of the overburden 
casing and the opening. 

2873. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing/matefial is configured to substantially inhibit a 
flow of fluid between the opening amHne overburdenvcasing during use. 

2874. The system of clan^2853. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/aisposed in an overburden of the 
formation, whereiVa packing material is disposed at a junction of the overburden casing 
and the opening^ and wherein the packing maternal comprises cement. 

2875. The system of cLaim 2853; wherein the system is further configured such that 
transferred heat can p/rolyze/at least some hydrocarbons in the pyrolysis zone. 



2876. (A system con^fgurable to heat a hydr 
heater configurable to be disposed 



►carbon containing formation, comprising: 
n an opening in the formation, wherein the 



heater is norther configurable to provide heat to at least a portion of the formation during 
use; 

a c6nduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons'at the reaction zone during use such 
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that heat is generated at the reaction zone, and wherein the conduit isiurther configurable 
to remove an oxidation product from the formation during use; and/ 

wherein the system is further configurable to allow heatio transfer substantially 
by conduction from the reaction zone to a pyrolysis zone duriWg use. 

2877. The system of claim 2876. wherein the oxidizing/fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. / 

2878. The system of claim 2876. whereinthe^conduit comprises orifices, and wherein 
the orifices are configurable to provid^me oxidizing fwia into the opening. 

2879. The system of claim 2876. wherein the ^nduat comprises critical flow orifices, 
and wherein the critical fkw orifices/are comigurable to control a flow of the oxidizing 
fluid such that a rate ofoxidation in the/formation is controlled. 

2880. The system of claim 2&1J6, wherein the conduit is further configurable to be 
cooled with the oxid^ingfl^la such that the conduit is not substantially heated by 
oxidation. / \ 

2881 . The system of claim 2876, wherein the conduit is further configurable such that 
the oxidation product transfers heat to the oxidizing fluid. 

2882. The system of claim 2876 ? wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

2883. /The system of claim 2876, wherein a pressure of the oxidizing fluid in the conduit 
and ar pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 
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2884. The system of claim 2876, wherein the oxidation product isf substantially inhibited 
from flowing into portions of the formation beyond the reaction,zone. 

2885. The system of claim 2876. wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2886. The system of claim 2876. further comprising/a center conduit disposed within 
the conduit, wherein center conduit is configurable/o provide the oxidizing fluid into the 
opening during use. 

2887. The system of claim 2876, wherein th/ptSraon\>f the formation extends radially 
from the opening a width of less than approximately 0.2/m. 

2888. The system of claim 2#76 ; further comprising a conductor disposed in a second 
conduit, wherein the secofid conduit is disposed within the opening, and wherein the 
conductor is configurable to heat at Yeast ^/portiojft of the formation during application of 
an electrical current to the conductor. 

2889. The system of claim 2$7o, further comprising an insulated conductor disposed 
within the opehing, whereirffhe insulated conductor is configurable to heat at least a 
portion of the fyrmatk)#^iuring application of < 
conductor. 



an electrical current to the insulated 



2890. The systeir/of claim 2876, further comprising at least one elongated member 
disposed withinAe opening, wherein the at least throne elongated member is 
configurable w heat at least a portion of the formation during application of an electrical 
current to the at least the one elongated member. 

2891 . /he system of claim, 2876, further comprising a heat exchanger disposed external 
to the/formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 
wh/rein the conduit is further configurable to provide the heated oxidizing fluid into the 
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opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. / 



2892. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in ai/overburden of the 
formation. 

2893. The system of claim 2876, further comprising/4n overburden casing coupled to 
the opening, wherein the overburden casing is dispc^ecTin an overj^j/rden of the 
formation, and wherein the overburden casin^c<5niprises steel. 

2894. The system of claim 2876, fuptner comprising an overburden casing coupled to 
the opening, wherein the overbunien casing^s disposeclin an overburden of the 
formation, and wherein the overburden cafsing is further disposed in cement. 



2895. The system of claim 2876, fWher comprising an overburden casing coupled to 



the opening, wherein a packing majterial is/aisposed at 
casing and the opening. 



a junction of the overburden 



2896. The system ofVlaim 2^76, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed\n an overburden of the 
formation, wherein a packing material is disposed at a junctiotrefthe overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



2897. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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2898. The system of claim 2876. wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons inr the pyrolysis zone. 



2899. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction of 
hydrocarbons within the portion of the formation wim an oxidizing fluid, wherein the 
portion is located substantially adjacent to an open/ng in the formation; 

providing the oxidizing fluid to a reaction/zone in the formation; 

allowing the oxidizing gas to react with^at least a portion of the hydrocarbons at 
the reaction zone to generate heat in the reacti 

removing at least a portion of an oxitoation product ihrough the opening; and 

transferring the generated h^at substantially byyconduction from the reaction zone 
to a pyrolysis zone in the forrm 

2900. The method of/laim 2899 ; fisher compfi^ng transporting the oxidizing fluid 
through the reactioiVzone by diffusion. 



2901 . The method of claim 2899, further 
oxidizing fluid into the opening through orifices 



2902. Thembthodofclai 



comprising directing at least a portion of the 
of a conduit disposed in the opening. 



$99, further comprising controlling a flow of the oxidizing 
fluid with critical flow q£#ces of a conduit disposed in the opening such that a rate of 
oxidation is controllec 



2903. The methoq of claim 2899. further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially maintained within the reaction zone. 

2904. The/method of claim 2899. wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid such that the 
conduit is not substantiallv heated by oxidation. 
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2905. The method of claim 2899, wherein a conduit is disposed/within the opening, and 
wherein removing at least the portion of the oxidation product/through the opening 
comprises removing at least the portion of the oxidation proizluct through the conduit. 

2906. The method of claim 2899. wherein a conduit is/aisposed within the opening, and 
wherein removing at least the portion of the oxidation^product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising transferring substantial heat from the oxidation product in the 
conduit to the oxidizing fluid in the conduit. 

2907. The method of claim 2899, wherein/^ conduit is disposed within the opening, 
wherein removing at least the portion oft^ oxidation product through the opening 
comprises removing at least the popidryof the oxidation product through the conduit, and 
wherein a flow rate of the oxid^ng fluid in the condi^s approximately equal to a flow 
rate of the oxidation produpt in the conduit. 



2908. The method of claim 2899, wherein a^conduitfis disposed within the opening, and 
wherein removing- at least the portion oftKe oxidation product through the opening 
comprises removing at least tne portion of the oxidation product through the conduit, the 
method further commsin^ontpatffing a pressure between the oxidizing fluid and the 
oxidation product in the^onduit to reduce contamination of the oxidation product by the 
oxidizing fluid. 

2909. The method/Gf claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions/of the formation beyond the reaction zone. 
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2910. The method of claim 2899. further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation bey ond the reaction zone. 

291 1 . The method of claim 2899, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed witmn the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product through the outer conduit. 



10 



G . 3 

is I 



2912. The method of claim 2899, wherein thtf po#r<5rT of the 
from the opening a width of less than approximately 0.2 m, 



brmation extends radially 



20 



2913. The method of claim 28£S(wheran heating the pcroon comprises applying 
electrical current to a condjuftor disposed in a conduitywjfterein the conduit is disposed 
within the opening. 

2914. The method of claim 2899; wherein heating ttte portion comprises applying 
electrical current to an insulated/conductor disposed/ within the opening. 

2915. The method of claim/2899, wnerein heating the portion comprises applying 
electrical currenito at least/one elongated member disposed within the opening. 



25 



2916. The method of (Maim 2899, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid ii^to the opening comprises transferring heat from the heated oxidizing 
fluid to the portion/ 



291 7. The method of claim 2899, further comprising removing water from the formation 
prior to heatinaahe portion. 

30 291 8. " The method of claim 2899, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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2919. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is dispose^ in an overburden of the 
formation. 

2920. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2921 . The method of claim 2899, furthe/ comprising coupling an overburden casing to 
the opening, wherein the overburden ca^mg-fs disfcoseoNin an overburden of the 
formation, and wherein the overbunkn casing i^r jurther disposed in cement. 

2922. The method of claipfz899/further c</mrfrising coupling an overburden casing to 
the opening, wherein a packing Material is/disppsed at a junction of the overburden 
casing and the opening. 

2923. The method of clairty 2899, ^vherein tqe pyrolysis zone is substantially adjacent to 
the reaction. 

2924. A system configurer to heat a hydrocarbon containing formation, comprising: 
an electric s heaKfr disposed in an opening in the formation, wherein the electric 

heater is configured jo provide heat to at least \ portion of the formation during use; 

an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone: and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



694 



onley, Rose & Tayoru P C. 



2925. The system of claim 2924. wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is/ransported through the reaction 
zone substantially by diffusion. / 



2926. The system of claim 2924, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



2927. The system of claim 2924, wherekr£he conduit c 
and wherein the critical flow orifipes are ^configured to 
fluid such that a rate of oxidation in the/formation is/6j6nfrolled 



mprises critical flow orifices, 
introl a flow of the oxidizing 



2928. The system on claim 2924, wherein the/conduit is further configured to be cooled 
with the oxidizing fluid such that me condun is no/ substantially heated by oxidation. 

2929. The system of claim 2^24. w 7 h^rein the conduit is further configured to remove an 
oxidation product. 

2930. The system of claj/m^924, wherein the conduit is further configured to remove an 



oxidation product, such /hat the oxidation prodi 



:t transfers heat to the oxidizing fluid. 



293 1 . The system ok claim 2924. wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. J 

2932. The system of claim 2924. wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of me oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 
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2933. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is/substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



2934. The system of claim 2924, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2935. The system of claim 2924, fiirthei^edmprising a center conduit disposed within 
the conduit, wherein the center coiKkm is Configured Jp provide the oxidizing fluid into 
the opening during use. and wji^rein the/conduit is^/ther configured to remove an 
oxidation product during ySe. 

2936. The systenyof claim 2924,/vherein f6e portion of the formation extends radially 
from the opening a width of less/than approximately 0.2 m. 

2937. The sfystem of claim 2924, fifrther comprising an overburden casing coupled to 
the opening, wherein the oyerbu^den casing if disposed in an overburden of the 
formation. 

2938. Tha system of cjmm 2924, further comprising an overburden casing coupled to 



the opening, 



f the overburden casing i 



disposed in an overburden of the 



formation, and wherein the overburden casing comprises steel. 



2939. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, Wnerein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2940. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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2941 . The system of claim 2924. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an ^overburden of the 
formation, wherein a packing material is disposed at a juncdon of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburdej/casipg^aunng us 

2942. The system of claim 2924, further comi5psing an overburaen casing coupled to 
the opening, wherein the overburden ca&kfg is/disposed in aryoverburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein thj^ackinj/material composes cement. 



2943. The system of claim 2924, wherein the system is further configured such that 
transferred heat can pyt?olyze at lea/t some hydrocarbons in the pyrolysis zone. 

2944. A system configurable to heat a hydrocarbon co itaining formation, comprising: 
an electriaheater configurable to>oe disposed in an opening in the formation. 

wherein the eleciric heater \l further configurable to provide heat to at least a portion of 
the formation during use, ^uid wherein at least the portiolp is located substantially adjacent 
to the opening; 

a conduit N ecmfii^ifable to be disposed in the opening, wherein the conduit is 
further configurable xh provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in theyformation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conductionflrom the reaction zone to a pyrolysis zone of the formation during use. 



2945. The system of claim 2944, wherein the oxidizing fluid is configurable to generate 
heat in the/reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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2946. The system of claim 2944, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluidinto the opening. 

2947. The system of claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2948. The system of claim 2944, wherein me conduit is further configurable to be 
cooled with the oxidizing fluid such that tjae conjjintilfndjt substantially heated by 
oxidation. 

2949. The system of claim 2^44. \y£ierein the con^Kjfa is further configurable to remove 
an oxidation product. 

2950. The systentf of claim 29^44. whereir/the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



295 1 . The system of claim 2944-Xvherein the conduit is further configurable to remove 



an oxidation product, and wherein a flow rate 



approximately equal/to a flew rate of the oxidation product in the conduit 



of the oxidizing fluid in the conduit is 



2952. T\he system of/claim 2944. wherein th< 
an oxidatiWpi^d'tict, and wherein a pressure 
pressure of th£ oxidation product in the conduct 
the oxidation product by the oxidizing fluid. 



conduit is further configurable to remove 
of the oxidizing fluid in the conduit and a 
are controlled to reduce contamination of 



2953. The system of claim 2944. wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 
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2954. The system of claim 2944, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2955. The system of claim 2944, further comprising' a center conduit disposed within 
the conduit, wherein center conduit is configurablento provide the oxidizing fluid into the 
opening during use. and wherein the conduit is further configurable to remove an 
oxidation product during use. 

2956. The system of claim 2944, whereb^ftfe portion of t^e formation extends radially 
from the opening a width of less than approximately 0.2 

2957. The system of clmm 2944, further comprising^n overburden casing coupled to 
the opening, wherein the overburden casing is disposed i/1 an overburden of the 
formation. 



2958. Tht system of claim 2944, furtKer comprising an overburden casing coupled to 
the opening, wherein the/overburden casing is disposed in an overburden of the 
formation, and whereir/ the owftmrden casing comprises steel 



2959-. The^tem^ef :laim 2944, further compris n 
the opening, whefein the overburden casing is disposed 
formation, and/wherein the overburden casing is fi 



g an overburden casing coupled to 

in an overburden of the 
her disposed in cement. 



2960. Tly system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



29^1 . The system of claim 2944, further comprising an overburden casing coupled to 
Xhfe opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is configurable p substantially inhibit 
a flow of fluid between the opening and the overburden casing dj/ring use. 

2962. The system of claim 2944, further comprising an ovemurden casing coupled to 
the opening, wherein the overburden casing is disposed inin overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



2963. The system of claim 2944, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2964. A system configured to heat a hydfbc^rbon containifi^ formation, comprising: 

a conductor disposed in a fira conduit wherein .me first conduit is disposed in an 

opening in the formation, and/wherein the/conductoi/is configured to provide heat to at 

least a portion of the formation during u^e; 
an oxidizing fluid source; 

a second conduit disposed in/ihe opting, wherein the second conduit is 
configured to provide an oxidizin^fluid/from the oxidizing fluid source to a reaction 
zone in the formatio i during use/ anpr wherein the oxic izing fluid is selected to oxidize at 
least some hydrocarbons at th^o^action zone during use such that heat is generated at the 
reaction zone; and 

wherein the systen/is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



2965. The system of claim 2964, wherein the oxidizing fluid is configured to generate 
heat in the reactioiz zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2966. The /ystem of claim 2964. wherein the second conduit comprises orifices, and 
wherein the orifices are configured to provide the oxidizing fluid into the opening. 
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2967. The system of claim 2964. wherein the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configured to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 

2968. The system of claim 2964. wherein the second conduit is further configured to be 
cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 

2969. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product. 

2970. The system of claim 2964, whejrin tlfe second condui? is further configured to 
remove an oxidation product sucl^tnat the/oxidation prqjlucyt transfers heat to the 
oxidizing fluid. 



2971 . The system of claim 2964, wherein thj? second conduit is further configured to 
remove an oxidation/product, and/wherein^ flow rate of the oxidizing fluid in the conduit 
is approximately eqjual to a flow rate 01 the oxidation/product in the second conduit. 

2972. The system of^?tekrf2964. wherein the secor d conduit is further configured to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure m the oxidation product in the second conduit are controlled to 
reduce contaminatioi/of the oxidation product by the oxidizing fluid. 



2973. The system of claim 2964. wherein the second conduit is further configured to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing/into portions of the formation beyond the reaction zone. 

2974. The system of claim 2964, wherein the oxidizing fluid is substantially inhibited 
from flawing into portions of the formation beyond the reaction zone. 
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2975. The system of claim 2964, further comprising a center conduit disposed within 
the second conduit, wherein the center conduit is configured to provide the oxidizing 
fluid into the opening during use, and wherein the second conduit is further configured to 
remove an oxidation product during use. 



2976. The system of claim 2964, wherein the portion of the formation extends radially 
from the opening a width of less than approx,imately 0.2m. 

2977. The system of claim 2964, furth^f comprising an oydi-burden casing coupled to 
the opening, wherein the overburden erasing is disposed^m^n overburden of the 
formation. 



2978. The systeiyof claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing/is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



2979. The/system of claftn 2964, Mrther comprisii 
the opening, wherein the overburaen casing is dispqsed 
formation, and wherein the0verburden casing is fu: 



g an overburden casing coupled to 
in an overburden of the 
er disposed in cement. 



2980. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wWrein a packing material is disposed at a junction of the overburden 
casing and the /opening. 



2981. Tha system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow/of fluid between the opening and the overburden casing during use. 
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2982. The system of claim 2964. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an/6verburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2983. The system of claim 2964, wherein the systen/is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2984. A system configurable to heat a hydrocarbon containing formation, comprising: 
a conductor configurable to be disposed ina^first conduit, wherein the first 

conduit is configurable to be disposed in aiyopening in the formation, and wherein the 
conductor is further configurable to ppdvijle heat to at least portion of the formation 
during use; 

a second conduit con#gurable/fo be disposed izf tfie opening, wherein the second 
conduit is further configurable to provide an oxidizmg/nuid from an oxidizing fluid 
source to a reaction zone in the formation during use/and wherein the system is 
configurable to allow/the oxidizing fluid to oxidize at least some hydrocarbons at the 



reaction zone during/ 
wherein the 
bv conduction from 



use such tnat heat is/generatd 
system iss further^ nfigurable 
the rea/tion zeme to a pyrolysi 



at the reaction zone; and 
to allow heat to transfer substantially 
s zone of the formation during use. 



ddizir 



2985. The system of daim 2984. wherein the oxidizing fluid is configurable to generate 
heat in the reaction zcme such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2986. The system of claim 2984, wherein the second conduit comprises orifices, and 
wherein the orifices are configurable to provide the oxidizing fluid into the opening. 

2987. The system of claim 2984, wherein the second conduit comprises critical flow 
orifices; and wherein the critical flow orifices are configurable to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 
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2988. The system of claim 2984. wherein the second conduit is further configurable to 
be cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 

2989. The system of claim 2984. wherein the second conduit is further configurable to 
remove an oxidation product. 



10 



2990. The system of claim 2984, w-herein the second conduit is further configurable to 
remove an oxidation product such that the oxidation p^d^cTfransf^rs heat to the 
oxidizing fluid. 



15 



w 
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2991 . The system of claim 2984^herein/ihe second condmos further configurable to 
remove an oxidation product/^nd wherein a flow rate ox the iDxidizing fluid in the conduit 
is approximately equal to/a flow rate of the oxidation prodiict in the second conduit. 

2992. The system cff claim 2984 ; ywherein the second conduit is further configurable to 
remove an oxidation product, ana wherein^ pressure o| the oxidizing fluid in the second 
conduit and a pressure of the oxidation^roduct in the second conduit are controlled to 
reduce contamination of the>oxida£ron product by the cxidizing fluid. 

2993. The system of cmim 2984. wherein the second conduit is further configurable to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reafction zone. 



25 2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



30 



2995. The system of claim 2984, further comprising a center conduit disposed within 
the second conduit, wherein center conduit is configurable to provide the oxidizing fluid 
into thjt opening during use. and wherein the second conduit is further configurable to 
remove an oxidation product during use. 
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2996. The system of claim 2984, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2997. The system of claim 2984, further comprising an t/verburden casing coupled to 
the opening, wherein the overburden casing is disposecj/in an overburden of the 
formation. 



2998. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disppsed^HTanV>verburden of the 
formation, and wherein the overburden casiflgcomprises stee t 



2999. The system of claim 2984Tfurthei/comprising an oyerburden casing coupled to 
the opening, wherein the overburden casing is disposed m an overburden of the 
formation, and wherein tne overburden casing is/rurthe/ disposed in cement. 

3000. The system of claim 2984( further comprising an overburden casing coupled to 
the opening, wherein a packin^materiaj/is disposeyfl at a junction of the overburden 
casing and the opening. 

3001 . The systeiVi of claim 2^84, further compi ising an overburden casing coupled to 



the opening, wheren^theoverburden casing is d 



sposed in an overburden of the 



formation, wherein a/packing material is disposed at a junction of the overburden casing 
and the opening, aiKl wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3002. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the Opening, and wherein the packing material comprises cement. 




3003. The system of claim 2984, wherein the system is further/configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3004. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to4 conductor disposed in a first conduit 
to provide heat to the portion, and wherein the f^rst conduit is disposed within the 
opening; 

providing the oxidizing fluid to a rea^lktffzone in the formation; 

allowing the oxidizing fluid tp-r€act with at least a potion of the hydrocarbons at 
the reaction zone to generate hp£t at thereaction zone; anc 

transferring the genr^rated hea/substantially by^Dnduction from the reaction zone 
to a pyrolysis zone in^me formations 



3005. The method of claim 3004, further c^mpristi/g transporting the oxidizing fluid 
through the reaction zone by Affusion. 

3006. The method of clsfim 3004< / rurther comprising directing at least a portion of the 
oxidizing fluid^into theyopejjirfg through orifices of\a second conduit disposed in the 
opening. 



3007. The methcfd of claim 3004, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a second conduit disposed in the opening such that a 
rate of oxidation is controlled. 



3008. The method of claim 3004, further comprising increasing a flow of the oxidizing 
fluid in t/ne opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 




3009. The method of claim 3004. wherein a second conduit is disposed in the opening, 
the method further comprising cooling the second conduit with the oxidizing fluid to 
reduce heating of the second conduit by oxidation. / 



15 



20 



25 



3010. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit. 

301 1 . The method of claim 3004, wherein/^ second conduit is disposed within the 
opening, the method further comprising rapeVmg an oxjdarfon product from the 
formation through the second conduitimd transferring he^t from the oxidation product in 
the conduit to the oxidizing flukfin the second conduh 

3012. The method oPclaim 3004( wherein a second conduit is disposed within the 
opening, the methcrcl further comprising removing an oxidation product from the 
formation through the second ^conduit, whepein a flqfsv rate of the oxidizing fluid in the 
second conduyf is approximately equal \</ a flow rat£ of the oxidation product in the 
second conduit. 

3013. The metjiod oi^laimo004, wherein a second conduit is disposed within the 
opening, the methodmirther comprising removing amoxidation product from the 
formation tluoughyme second conduit and controlling pressure between the oxidizing 
fluid and the oxidation product in the second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid. 

3014. The/method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the conduit and substantially inhibiting the oxidation product from 
flowing into portions of the formation beyond the reaction zone. 



30 
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301 5. The method of claim 3004, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3016. The method of claim 3004, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed/within the opening, the method further 
comprising providing the oxidizing fluid into the' opening through the center conduit and 
removing an oxidation product through the outer conduit. 



10 



301 7. The method of claim 3004, wherpkfthe portion of the formation extends radially 
from the opening a width of less tji^n approximately 6.2 m. 



301 8. The method of c}mm 3004, farther compri^pg removing water from the formation 
prior to heating the portion. 



4= 15 



U 20 
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301 9. The method of claim 3004, further Comprising controlling the temperature of the 
formation to/substantially inhibit production of oxides of nitrogen during oxidation. 



3020. Thjb method of cl^im 3004, further comphsin; 
the openiiig, wherein tl)6 overbuj?den casing is di 
formation 



g coupling an overburden casing to 
posed in an overburden of the 



302 1 . The metEou of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, ana wherein the overburden casing comprises steel. 



3022. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3023. The method of claim 3004. further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 



3024. A system configured to heat a hydrocarbon containing formation, comprising: 
an insulated conductor disposed in an opening in the formation, wherein the 

insulated conductor is configured to provide heat /o at least a portion of the formation 
during use; 

an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is sdjecffed to oxidize at least some hydrocarbons at 
the reaction zone during use such thafneat is generated at the reaction zone; and 

wherein the system is cemfiaured to allow hfeat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3025. The system ofclaim 3024, wherein the oxidizing fluid is configured to generate 
heat in the reaction/zone such/that th^oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



3026. The systim of cl^tin>o024 5 wherein the 
the orifices are ca 



conduit comprises orifices, and wherein 



ed to provide the oxidizjiig^id into the opening. 



3027. The system i>f claim 3024, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a/rate of oxidation in the formation is controlled. 



3028. The s/stem of claim 3024, wherein the conduit is configured to be cooled with the 
oxidizing fluid such that the conduit is not substantially heated by oxidation. 




3029. The system of claim 3024. wherein the conduit is further/configured to remove an 
oxidation product. 

3030. The system of claim 3024, wherein the conduit is/rurther configured to remove an 
oxidation product, and wherein the conduit is further configured such that the oxidation 
product transfers substantial heat to the oxidizing fluid. 



10 



303 1 . The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate ofirhe oxidizing fluid in the conduit is 
approximately equal to a flow rate of the o/id^tidn product in the conduit. 



15 



3032. The system of claim 3024^h9fein the conduit is further configured to remove an 
oxidation product, and whereof a pressure of the oxidizing fluid in the second conduit and 
a pressure of the oxidatiorrproduc/in the conduit ^re controlled to reduce contamination 
of the oxidation produa by the oxidizing flmd. 
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3033. The system of claim #024, wherein the/conduit is further configured to remove an 
oxidation product, and wherein th^oxidation product is substantially inhibited from 
flowing into portions of me formation beyon/i the reaction zone. 



3034. The system qi clpdm 3024, wherein 
from flowing imo-^dftions of the formation 



he 



oxidizing fluid is substantially inhibited 
beyond the reaction zone. 



3035. The system of claim 3024. further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the openinjg during use. and wherein the conduit is further configured to remove an 
oxidation product during use. 



30 



3036/ The system of claim 3024, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 




3037. The system of claim 3024. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an o/erburden of the 
formation. 

3038. The system of claim 3024, further comprising an/overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3039. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing isr disposed in an overburden of the 
formation, and wherein the overburden casing-isnohher disposed in cement. 

3040. The system of claim 3024/furthpr comprising an overburden casing coupled to 
the opening, wherein a packing material is disp/5/ed at a junction of the overburden 
casing and the opening. 

3041. The system>of claim 302/4, further comprising an overburden casing coupled to 
the opening, whe/ein the overpurden /asing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 



flow of fluid between th^ opening and the o\ 



erburden casing during use. 



3042. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherem the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening/ and wherein the packing material comprises cement. 



3043. The system of claim 3024, wherein the system is further configured such that 
transferred/neat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3044. A system configurable to heat a hydrocarbon containing formation, comprising: 
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an insulated conductor configurable to be disposed in an/opening in the formation, 
wherein the insulated conductor is further configurable to pnwide heat to at least a 
portion of the formation during use; / 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid fron/ an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some Hydrocarbons at the reaction zone 
during use such that heat is generated at the rea/tion zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a nyrolysis zone of the formation during use. 

3045. The system of claim 3044, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the ^mzmg flukl is transported through the reaction 
zone substantially by diffusion. S/ 1 

3046. The system of cteim 3044( wherein theyconduit comprises orifices, and wherein 
the orifices are configurable to provide the^mdizing fluid into the opening. 

3047. The system of claim £044, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidatiojf in the formation is controlled. 

3048. The system oyclaim 3044, wherein the conduit is further configurable to be 
cooled with me oximzmg fluid such that tl\e conduit is not substantially heated by 
oxidation. / 

3049. The system of claim 3044. wherein the conduit is further configurable to remove 
an oxidation Product. 

3050. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 
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3051. The system of claim 3044, wherein the conduit is/further configurable to remove 
an oxidation product, and wherein a flow rate of the o/idizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation Product in the conduit. 



3052. The system of claim 3044, wherein the>conduit is further configurable to remove 
an oxidation product, and wherein a pressure^ of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3053. The system of claim 3f)44, wherein the condim is further configurable to remove 
an oxidation product, and'whereiri the oxidation praduct is substantially inhibited from 
flowing into portions 3f the formation beyond/ne reaction zone. 



3054. The system of claim 3044, wherein the ox/dizing fluid is substantially inhibited 
from flowing into portioris of the formation beyopd the reaction zone. 

3055. Thelsystem of clairn^044. further composing a center conduit disposed within 
the conduit, wherein jxmer conduit is configurable to provide the oxidizing fluid into the 
opening during u^e, and wherein the conduit is farther configurable to remove an 
oxidation prodi/ct during use. 



3056. The/system of claim 3044, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3057/ The system of claim 3044, further comprising an overburden casing coupled to 
the/opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3058. The system of claim 3044. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an /Overburden of the 
formation, and wherein the overburden casing comprises steel. 

3059. The system of claim 3044. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3060. The system of claim 3044. further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3061. The system of claim 3044^flirther comprisingfan overburden casing coupled to 
the opening, wherein the overburden basing is disposed in an overburden of the 
formation, wherein a paciang matepal is disposeu/at a junction of the overburden casing 
and the opening, andxvherein theypacking material is configurable to substantially inhibit 
a flow of fluid between the opening and th/ overburden casing during use. 

3062. The system of claim £044. further comprising an overburden casing coupled to 



the opening, 
formation, wh 



erein a packing pfaterial is disposed at a junction of the overburden casing 



lerein the o/erburden casing 



is disposed in an overburden of the 



and the openi ig. and wherem the packing material comprises cement. 

3063. The systenyof claim 3044. wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



3064. An in jsitu method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to an insulated conductor to provide heat 
to the portion, and wherein the insulated conductor is disposed within the opening; 
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providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a pc^nion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; anc 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3065. The method of claim 3064. further compri/ingjransponing the oxidizing fluid 
through the reaction zone by diffusion. 



u 



|y 
W 

e 



20 



3066. The method of claim 306^<nirther comprising dieting at least a portion of the 
oxidizing fluid into the opemrlg through jorifices of a conduit disposed in the opening. 

3067. The method ofclaim 3064, farther comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of /conduit disposed ip the opening such that a rate of 
oxidation is controlled. 



3068. The mpthod of clain/3064, father comprising 
fluid in the opening to acc6mmod^e an increase in 
that a rate of oxidation is subst2(ntially constant over 



g increasing a flow of the oxidizing 
volume of the reaction zone such 
time within the reaction zone. 



3069. The me±od/6f>elaim 3064. wherein a conduik is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit bw oxidation. \ 



25 3070. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 



30 



307 V. The method of claim 3064, wherein a conduit is disposed within the opening, the 
mernod further comprising removing an oxidation product from the formation through 
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the conduit and transferring heat from the oxidation prodyet in the conduit to the 
oxidizing fluid in the conduit. 

3072. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation/product from the formation through 
the conduit, wherein a flow rate of the oxidizing/fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in/the conduit. 

3073. The method of claim 3064, whereir/a conduiUs-chsposed within the opening, the 
10 method further comprising removing an c/^Mation product uxom the formation through 

the conduit and controlling a pressup^between the oxidising fluid and the oxidation 
*f product in the conduit to redu^exontzjmination of the/yxidation product by the oxidizing 

CO fluid. 



15 



w 20 



25 



3074. The method/of claim 3064, wherein a/conduit is disposed within the opening, the 
method further comprising removing an osadatiory product from the formation through 
the conduit and Substantially /rihibiting/tne oxidatfion product from flowing into portions 



of the formation 



beyond thereaction/zone. 



3075. The method of claim^u64, further compmsing substantially inhibiting the 
oxidizing fluid fr6rh^p^v^ into portions of the k^rmation beyond the reaction zone. 

3076. The method^of claim 3064. wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



30 



3077. Thar method of claim 3064, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 rn. 
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3078. The method of claim 3064, further comprising removing wate/ from the formation 
prior to heating the portion. 

3079. The method of claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3080. The method of claim 3064. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is dispose/! in an overburden of the 
formation. 

3081 . The method of claim 3064. furthene^mprising coupling,™ overburden casing to 
the opening, wherein the overburden casing indisposed in arj^cyverburden of the 
formation, and wherein the overburden casing comprises /tee4. 



3082. The method of claim 3X)64, further comprising coupling an overburden casing to 
the opening, wherein the overburden basing is disposed im an overburden of the 



formation, and wherein the overburaen casing is further 



iisposed in cement. 



3083. The method of claim 30(*4. fijifher comprising cj^i 
the opening, wherein a pK^kirjg^Hfaterial is disposed at a 
casing and the opening. 



upling an overburden casing to 
junction of the overburden 



3084. The method of c^im 3064. wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3085. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating apportion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is locfated substantially adjacent to an opening in the formation, wherein heating 
comprises applying an electrical current to an insulated conductor to provide heat to the 
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portion, wherein the insulated conductor is coupled to a conduit, wherein the conduit 
comprises critical flow orifices, and wherein the conduit is disposed within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; an<z 

transferring the generated heat substantially by induction from the reaction zone 
to a pyrolysis zone in the formation. 

3086. The method of claim 3085, further compiling transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3087. The method of claim 3 08 x^iurther comprising controlling a flow of the oxidizing 
fluid with the critical flow orifices such that a rate of oxidation is controlled. 



3088. The method ofclaim 3085. fyhher comprisingylncreasing a flow of the oxidizing 
fluid in the openim/to accommodate an increase m a/^olume of the reaction zone such 
that a rate of oxidation is substantially constant ove/ time within the reaction zone. 



oxidizing fluid t 



3089. The method of claim/3085. fiirtKer compri 



reduce heating ofthe conduit bv 



3090. The method ofrelaim 3085, further comprising removing an oxidation product 
from the formation through the conduit. 



ing cooling the conduit with the 
oxidation. 



3091 . The mettfod of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and transferring heat from the oxidation product 
in the conduit to the oxidizing fluid in the conduit. 

3092. The method of claim 3085. further comprising removing an oxidation product 
from tfie formation through the conduit, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 
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3093. The method of claim 3085, further comprising removing arf oxidation product 
from the formation through the conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the conduit to reduce contamination of the oxidation 
product by the oxidizing fluid. 



10 
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3094. The method of claim 3085, further comprising /emoving an oxidation product 
from the formation through the conduit and substantially inhibiting the oxidation product 
from flowing into portions of the formation bevoiiathe reaction zone. 

3095. The method of claim 3085.,itirther comprising substantially inhibiting the 
oxidizing fluid from flowing jflfo portions of the formapon beyond the reaction zone. 



*== 15 
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3096. The method of etfaim 3085. wherein a center conduit is disposed within the 
conduit, the method further comprising providing the oxidizing fluid into the opening 
through the center Conduit and removing an oxidation product through the conduit. 

3097. The method of claim 3085ywherein the portion of the formation extends radially 
from the opening a width o/kss than approximately 0,2 m. 

3098. The method of jelaim 3085. further comprising removing water from the formation 
prior to heating the portion. \ 



25 



3099. The metHod of claim 3085, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3 100. Tlae method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3101. The method of claim 3085. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed/in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3102. The method of claim 3085. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3 103. The method of claim 3085. furthe/ coippriskig coupling an overburden casing to 
the opening, wherein a packing materials disposed ^ a junction of the overburden 
casing and the opening. 



provide heat to at least a portion of the 



3 1 04. The method ofpiaim 3085/ wherein theypy/olysis zone is substantially adjacent to 
the reaction zone. 

3 1 05. A system configured fo heat a hydfocarb >n containing formation, comprising: 
at Vast one elongated member disposed n an opening in the formation, wherein at 

least the dhe elongated member is c^figured to 
formation during use; 

an oxidizing flufid sourp€; 

a conduit disposed in the opening. wherein\the conduit is configured to provide an 
oxidizing fluid fronrt the oxidizing fluid source to a rWction zone in the formation during 
use, and wherein me oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

where/n the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



3 1 06. TWe system of claim 3 1 05, wherein the oxidizing fluid is configured to generate 
heat in tne reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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3 1 07. The system of claim 3 105, wherein the conduit comprises edifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the/opening. 

3 108. The system of claim 3 105. wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3 109. The system of claim 3105, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is noysubstantially heated by oxidation. 

3110. The system of claim 3105, wherein tjie^conduit i^ $rther configured to remove an 
oxidation product. 

3111. The system of claim^SlOS, where/n the cond^t is further configured to remove an 
oxidation product such tKat the oxidatipn producVtransfers heat to the oxidizing fluid. 

3112. The system/of claim 3105, wherein^me conduit is further configured to remove an 
oxidation product/ and wherein a flow r#xe of the oxidizing fluid in the conduit is 
approximately equal to a flow/ate ofrhe oxidation product in the conduit. 



3113. The syst^rfi of clairfi ^05. wherein thef conduit is further configured to remove an 
oxidation product,\nd-ynerein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the condui^ are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3114. The syst/m of claim 3105, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into/portions of the formation beyond the reaction zone. 

3115. The system of claim 3105. wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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3116. The system of claim 3 105, further comprising a centei\conduit disposed within 
the conduit, wherein the center conduit is configured to proWde the oxidizing fluid into 
the opening during use. and wherein the conduit is furtheryconfigured to remove an 
oxidation product during use. 

3117. The system of claim 3 1 05. wherein the porticm of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3118. The system of claim 3 105. further comprising^n overburden casing coupled to 
the opening, wherein the overburden casing^fdisposed in ^4 overburden of the 
formation. 

3119. The system of claipio 1 05 9 further comprising an/overburden casing coupled to 
the opening, wherein the overburdeivcasing is deposed/in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3120. The system o 
the opening, whereir 



'claim 3W5, further comprising an overburden casing coupled to 
the overburden casing is disposer! in an overburden of the 



formation, and wherein the/oy^ourden casing is furtheiydisposed in cement. 

3121. The system of claim 3 1 05. further comprising an overburden casing coupled to 
the opening, whereinya packing material is disposed at a junction of the overburden 
casing and the opening. 

3 1 22. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, Wherein the overburden casing is disposed in an overburden of the 
formation, wnerein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden'casing during use. 
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3123. The system of claim 3 1 05, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an o/erburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3124. The system of claim 3105, wherein the system/is further configured such that 
transferred heat can pyrolyze at least some hydroca/oons in the pyrolysis zone. 



3 125. A system configurable to heat a hydj^t^arbon containing formation, comprising: 
at least one elongated membejxfonfigurable to be^aisposed in an opening in the 

formation, wherein at least the orfe elongated member/is fisher configurable to provide 

heat to at least a portion optne formatiop during use; 

a conduit configurable to be disposed iv/tht opening, wherein the conduit is 

further configurable to provide an oxidizing/fluid from the oxidizing fluid source to a 

reaction zone ior the formation during us^f and whe/ein the system is configurable to 

allow the oxidizing fluid to oxidize afleast some hydrocarbons at the reaction zone 

during use such that heat is generated at the reac/tion zone; and 

wherein the system is/further configurable to allow heat to transfer substantially 

by conduction from the paction zone to a pyrolysis zone of the formation during use. 



3126. The system gff claim 3125. wherein tjhe oxidizing fluid is configurable to generate 
heat in the reactiorfzone such that the oxidizing fluid is transported through the reaction 



zone substantial!)'' by diffusion. 



v 



3127. Theiystem of claim 3125, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3128/ The system of claim 3125, wherein the conduit comprises critical flow orifices, 
and/wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



% 
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3 129. The system of claim 3125, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not /ubstantially heated by 
oxidation. 

3130. The system of claim 3 1 25. wherein the condui/is further configurable to remove 
an oxidation product. 

3131. The system of claim 3125. wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

3 132. The system of claim 3125, whemkrthe conduit is/further configurable to remove 
an oxidation product, and wherein a^flowyrate of the oxidizing fluid in the conduit is 
approximately equal to a flow^j^te of tfye oxidation pr^auct in the conduit. 

3133. The system of cjdim 3 125, \Vherein the c^iidiiit is further configurable to remove 
an oxidation product/and wherein/a pressure iff the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the corfcluit a/e controlled to reduce contamination of 
the oxidation product by the o/idizingyffuid. 

3 134.. The systerp of claigfi 3 \ZS, wherein the donduit is further configurable to remove 
an oxidation produfr^an^wherein the oxidation product is substantially inhibited from 
flowing into portions oi the formation beyond the reaction zone. 

3 135. The system of claim 3125. wherein the oxidizing fluid is substantially inhibited 
from flowing intoyportions of the formation beyond the reaction zone. 

3136. The system of claim 3125. further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use. and wherein the conduit is further configurable to remove an 
oxidation product during use. 



% 
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3137. The system of claim 3125. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. / 



3138. The system of claim 3 125, further comprising an overpurden casing coupled to 
the opening, wherein the overburden casing is disposed in a/ overburden of the 
formation. 

3139. The system of claim 3125, further comprising^! overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing coipprises^stgel. 

3140. The system of claim 3 125. furtherpdm^rising an overbuj$en casing coupled to 
the opening, wherein the overburden^easing/s disposed in an/werburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3141 . The system of claina 3125, further comprisin^a^i o/verburden casing coupled to 
the opening, wherein a packing material is dispos^a at ayjunction of the overburden 
casing and the opening. 

3 142. The system of claW 3 further comprising/an overburden casing coupled to 
the opening, wherein the ovenmidefi casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and w : herein the packing material is configurable to substantially inhibit 
a flow of fluid between/the opening and the overburden casing during use. 

3 143. The system of claim 3125. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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3144. The system of claim 3125, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in/the pyrolysis zone. 

3 145. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current/o at least one elongated member to 
provide heat to the portion, and wherein at lea/t the one elongated member is disposed 
within the opening; 

providing the oxidizing fluid to a r6a9tk5n zone in t}he formation; 

allowing the oxidizing fluid to r^act with at least apportion of the hydrocarbons at 
the reaction zone to generate heaLtft me reaction zone; md 

transferring the generated h/at substantially l?y/:onduction from the reaction zone 
to a pyrolysis zone in the^rmatkm. 

3 146. The method/of claim J145. further ^ompri^ing transporting the oxidizing fluid 
through the reaction zone m ! diffusion. 



3 147. The method of ciaim 3145^ further comprising directing at least a portion of the 



oxidizing fluid into the opening through orifices 



3148. The methoa of claim 3 145, further comprising controlling a flow of the oxidizing 



fluid with critica/flow orifices of a conduit disp 
oxidation is controlled. 



of a conduit disposed in the opening. 



bsed in the opening such that a rate of 



3149. The method of claim 3145. further comprising increasing a flow of the oxidizing 
fluid in th© opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 
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3150. The method of claim 3145. wherein a conduit is disposed/in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

3151. The method of claim 3145. wherein a conduit is deposed within the opening, the 
method further comprising removing an oxidation prodj/ct from the formation through 
the conduit. 

3152. The method of claim 3145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation prod^^rom the formation through 
the conduit and transferring heat from the oxidation product ip the conduit to the 
oxidizing fluid in the conduit. 

3153. The method of claim 3^45. wherein a conduit i/d/sposed within the opening, the 
method further comprisingremoving an oxidation product from the formation through 
the conduit, wherein a flow rate of the' oxidizing fluid In the conduit is approximately 
equal to a flow rate ol the oxidation/product in the co/iduit. 



3 154. The method of claim 3 14o. whereii* a conduit is disposed within the opening, the 
method further comprising removing ^oxidation oroduct from the formation through 
the conduit and controlling a/pres^ufe between the oxidizing fluid and the oxidation 
product in the conduit to f^ouce contamination of the oxidation product by the oxidizing 
fluid. 

3 1 55. The method o/ claim 3145. wherein a conduit^s disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation /beyond the reaction zone. 

3156. The method of claim 3145, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 
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3157. The method of claim 3 145, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed witlW the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3158. The method of claim 3 145, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3 159. The method of claim 3 145, further ^prriprising removing water from the formation 
prior to heating the portion. 

3 160. The method of c\a\ny5 145, further comprisii^controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3161. The methocrof claim 3145, further ccanpj/ising coupling an overburden casing to 
the opening, whe/ein the overburden casing is cjfisposed in an overburden of the 
formation. 



3 1 62. The method of claim 3 1 45. further 
the opening, whWein the overburden casing i 
formation, and wheremthe overburden casin 



comprising coupling an overburden casing to 
i(s disposed in an overburden of the 
comprises steel. 



3 163. The method/of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing isuisposed in an overburden of the 
formation, and vVnerein the overburden casing ikfurther disposed in cement. 



3 164. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, Avherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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the reaction zone. / 



substantially adjacent to 



3 1 66. A system configured to heat a hydrocarbon containing formation, comprising: 
a heat exchanger disposed external to the formation, wherein the heat exchanger 

is configured to heat an oxidizing fluid during use; 

a conduit disposed in the opening, wherein the conduit is configured to provide 
the heated oxidizing fluid from the heat exchanger to at least a portion of the formation 
during use. wherein the system is configured to/allow heat to transfer from the heated 
oxidizing fluid to at least the portion of the formation during use. and wherein the 
oxidizing fluid is selected to oxidize at least/some hydrocarbons at a reaction zone in the 
formation during use such that heat is genyratecj^afthe reaction zone; and 

wherein the system is configured^allow heat toy transfer substantially by 
conduction from the reaction zone tcv^pyrolysis zone m the formation during use. 

3 1 67. The system of claim In 66, wherein the oxMzing fluid is configured to generate 
heat in the reaction zone such thaythe oxidizing fl/iid is transported through the reaction 
zone substantially by diffusion. 



3 168.* The system of claim 3166, wherein the 
the orifices are configured to provide the oxidizing 



qonduit comprises orifices, and wherein 
fluid into the opening. 



3 1 69. The system orfmim 3 1 66, wherein the qonduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rateM oxidation in the formation\is controlled. 



3 1 70. The system of claim 3 1 66, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

3171. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product. 
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31 72. The system of claim 3166, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfereheat to the oxidizing fluid. 

3173. The system of claim 3 1 66. wherein the conduit/is further configured to remove an 
oxidation product, and wherein a flow rate of the oxiidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation/product in the conduit. 

3 1 74. The system of claim 3 166, wherein the /onduit is further configured to remove an 
oxidation product, and wherein a pressure of me oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conauit are controlled to reduce contamination of 
the oxidation product by the oxidizing Aura. 

3 1 75. The system of claim 3 1 66 ; wherein tjie^conduit is further configured to remove an 
oxidation product, and wherein the oxiiimion product is substantially inhibited from 
flowing into portions of the fonnatibn beyond me reaction zone. 

3 1 76. The system of clairci 3 1 <$6. wherein me oxidizing fluid is substantially inhibited 
from flowing into portions of/ihe formation beyond the reaction zone. 



3 1 77. The systenyof claiifo 3 1 66. fi/rthe 
the conduit, wherein the/center cofnduit i$ 
the opening during usa and v^erein the 
oxidation product during ySe. 



comprising a center conduit disposed within 
configured to provide Ae'oxidizing fluid into 
onduit is further cofifigured to remove an 



3178. The system of claim 3 1 66 ; wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3 1 79. The/system of claim 3 1 66. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3 1 80. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an/overburden of the 
formation, and wherein the overburden casing comprises steel. 

3181. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is Wher disposed in cement. 

3 1 82. The system of claim 3 1 66, further comnpsitiganoiverburden casing coupled to 
the opening, wherein a packing material i^di^posed at a junction of the overburden 
casing and the opening. 



3 1 83. The system of claim 2\ 66, further comprising/ah overburden casing coupled to 
the opening, wherein the Overburden Rasing is disposed in an overburden of the 
formation, wherein a packing material is disposed a£ a junction of the overburden casing 
and the opening, and wherein the packing mafterial/is configured to substantially inhibit a 
flow of fluid betweeip the opening and tlje overburden casing during use. 

3 1 84. The system of &aim^J-6tT, further compr: sing an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a pa/king material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing materialVomprises cement. 



3185. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heat exchanger configurable to be disposed external to the formation, wherein 
the heat exchanger is further configurable to heat an oxidizing fluid during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide the heated oxidizing fluid from the heat exchanger to at 
least a portion of the formation during use, wherein the system is configurable to allow 
heat to/transfer from the heated oxidizing fluid to at least the portion of the formation 
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during use. and wherein the system is further configurable to allow the oxidizing fluid to 
oxidize at least some hydrocarbons at a reaction zone ii/the formation during use such 
that heat is generated at the reaction zone; and 

wherein the system is further configurable xd allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysre zone of the formation during use. 

3 1 86. The system of claim 3 1 85, wherein the/oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3 1 87. The system of claim 3 1 85, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



15 



20 



3 1 88. The system of claim 3 1 85, Xvhereinihe conduit comprises critical flow orifices, 
and wherein the critical flow orifices are ^configurable to control a flow of the oxidizing 
fluid such that a ratem oxidation in th/ formation is controlled. 



3 1 89. The system ©f claim/3 1 85; wherein the 
cooled with the oxidising flum such that the cqnduit 
oxidation. 



conduit is further configurable to be 
is not substantially heated by 



3 1 90. The system of claim 3185, wherein the cqnduit is further configurable to remove 
an oxidation produc 

25 3191. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



30 



3 1 92. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 
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3 1 93 . The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3 1 94. The system of claim 3 1 85, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidaticfn product is substantially inhibited from 
flowing into portions of the formation beyoi/d the reaction zone. 

3 1 95. The system of claim 3 185. whpzern the oxidi^ng/fluid is substantially inhibited 
from flowing into portions of the^rmation beyond' the Reaction zone. 



3 1 96. The system of claim 3185/ further comnfising a center conduit disposed within 
the conduit, whereiVcenter conduit is configurable to provide the oxidizing fluid into the 
opening during use, and whepein the second c/onduit is further configurable to remove an 
oxidation product during us 



3 197. The system of claim 34 85, wherein 
from the opening a wiath^f less than 



tlhe portion of the formation extends radially 
approximately 0.2 m. 



rnprising an overburden casing coupled to 



3198. The system of claim 3185, further cor 

the opening, wherein the overburden casing indisposed in an overburden of the 
formation. / \ 



3 199. TMe system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

320D. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3201 . The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3202. The system of claim 3185, further comprising aiv overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at/a junction of the overburden casing 
and the opening, and wherein the packing material/is configurable to substantially inhibit 
a flow of fluid between the opening and the ove^ufden casing dilring use. 



3203. The system of claim 31 85, fiojSKer comprising an over^maen casing coupled to 
the opening, wherein the overbupden casing is disposed in^n overburden of the 
formation, wherein a packing^naterial is/disposed at a junction of the overburden casing 
and the opening, and whpfein the packing material compris/s cement. 



3204. An in situ Method for 

heating a/portion 
of hydrocarbon^ within 
heating compr ses: 

heatinathe oxidizip 
disposed external to me /onpation; 

providing tBHj^ated oxidizing fluid from the 
formation: and 



hydrocapuon containing formation, comprising: 
rmation to/ temperature sufficient to support reaction 
brmation w/th an oxidizing fluid, wherein 

ith a heat exchanger, wherein the heat exchanger is 

heat exchanger to the portion of the 



allowing heat to transfer from the heated oxidizing fluid to the portion of the 
formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction/zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrowsis zone in the formation. 



734 



Conley. Rose & Tayon. P C. 



3205. The method of claim 3204. further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3206. The method of claim 3204. further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3207. The method of claim 3204. rurther compristng^ontrolling a flow of the oxidizing 
fluid with critical flow orifices ofya cond^ifaisposed ipytfye opening such that a rate of 
oxidation is controlled. 

3208. The method of clajrfi ^204. further confipris/ing increasing a flow of the oxidizing 
fluid in the opening ta^ccornmodate an increase/in a volume of the reaction zone such 
that a rate of oxidanon is substantially cpnstanyover time within the reaction zone. 

3209. The method of c/aim 3204, / wherein a conduit is disposed in the opening, the 
method funher comprising coolipg the conduit with the oxidizing fluid to reduce heating 
of the cc/nduit by oxidation. 



3210 



The "method of clafim 3204, when 



method further comprising removing an 
the coViduit 



un a conduit is disposed within the opening, the 
oxidation product from the formation through 



321 1 . The method of claim 3204. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



3212. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method rurther comprising removing an oxidation product from the formation through 
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the conduit, wherein a flow rate of the oxidizing fluid in/the conduit is approximately 
equal to a flow rate of the oxidation product in the conuuit. 

3213. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between/the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 

3214. The method of claim 3204, whofekfa conduit i's disposed within the opening, the 
method further comprising removing^n oxidation ppduct from the formation through 
the conduit and substantially mnibitmg the oxida}$n product from flowing into portions 
of the formation beyond tj*e reaction zone. 

321 5. The methop of claim 3204, further/comprising substantially inhibiting the 
oxidizing fluid from flowing /nto portions of the formation beyond the reaction zone. 

3216. The /method of claim 3204{ wherein a center conduit is disposed within an outer 
conduit, and wherein the/outeixconduit is c isposed within the opening, the method further 
comprising providing the oxidizing fluid hto the opening through the center conduit and 
removing airqxidatmirproduct through the outer conduit. 



321 7. The methop of claim 3204, wherein \|ie portion of the formation extends radially 
from the opening width of less than approximately 0.2 m. 



3218. The method of claim 3204, further comprising removing water from the formation 
prior to heating the portion. 



3219. The method of claim 3204, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3220. The method of claim 3204. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposer in an overburden of the 
formation. / 



322 1 . The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing/comprises steel. 

3222. The method of claim 3204. further ^ompjising coupling an overburden casing to 
the opening, wherein the overburden ca^gis disposed ir/an overburden of the 
formation, and wherein the overbur^n/casing is furthe/disposed in cement. 

3223. The method of claipT 3204, further comjmsmg coupling an overburden casing to 
the opening, wherein a backing rr^aterial is cjispo^ed at a junction of the overburden 
casing and the opening. 

3224. The method of clainy3204,/wherein tpe pyrolysis zone is substantially adjacent to 
the reaction ztfne. 



3225. An im situ methodobr heating a hydrocarbon containing formation, comprising: 



to a temperature sufficient to support reaction 
formation with an oxidizing fluid, wherein 



heatinV^-Por^on of the formation 
of hydrocarbons wj^hin the portion of the 
heating comprise/: 

oxidizii)g a fuel gas in a heater, wherein the heater is disposed external to the 
formation; 

prodding the oxidized fuel gas from the heater to the portion of the formation; 

and 

flowing heat to transfer from the oxidized fuel gas to the portion of the 
format/on; 

providing the oxidizing fluid to a reaction zone in the formation; 
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allowing the oxidizing fluid to react with at least a portion $/f the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3226. The method of claim 3225, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3227. The method of claim 3225, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduituMsposed in the opening. 



3228. The method of claim 32^5; flirthe^omprisin^e^rolling a flow of the oxidizing 
fluid with critical flow orifip^s of a conduit disposed/in Jhe opening such that a rate of 
oxidation is controlled. 



3229. The methocr of claim 3225/ further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 



that a rate of ox: 



'dation is substantially/Constant over time within the reaction zone. 



3230. The method of clai^i 3225, wherein a conjduit is disposed in the opening, the 
method further cd^prisin^cooling the conduit wjth the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

y 

323 1. The method if claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 

3232. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 
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3233. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the cc^nduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

3234. The method of claim 3225, wherein a conduit indisposed within the opening, the 
method further comprising removing an oxidation productirom the formation through 
the conduit and controlling a pressure between tfre^oxidizing fluild and the oxidation 
product in the conduit to reduce contamipaltonjzff the oxidation/product by the oxidizing 
fluid. 

3235. The method of cl#m 3225, wherein a condign i/disposed within the opening, the 
method further comprising removing in oxidati0ft pr/duct from the formation through 
the conduit and substantially inhibiting the 9?udati</n product from flowing into portions 
of the formation/oeyond the reaction zon£: 

3236. The method of clainvG225<4urther con/prising substantially inhibiting the 
oxidizing fluidfrom flowing Jrfto portions ofVthe formation beyond the reaction zone. 

3237. The method of claim 3225, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid |nto the opening through the center conduit and 
removing an oxidation product through thje^outer conduit. 

3238. The/method of claim 3225, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3239. /The method of claim 3225, further comprising removing water from the formation 
prioyto heating the portion. 
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3240. The method of claim 3225. further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3241. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is dispose^ in an overburden of the 
formation. 



3242. The method of claim 3225, further cprfipfising coupling an overburden casing to 
the opening, wherein the overburden casing indisposed in an overburden of the 
formation, and wherein the overharaen casing comprises stei 



3243. The method of d^im 3225, further comprisi^ccmpling an overburden casing to 
the opening, w r herein / the overburder/casing is disposer in an overburden of the 
formation, and wherein the overburden casingns furrier disposed in cement. 



3244. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 



casing and 



the opening. 



laim 3225, wherein the 



pyrolysis zone is substantially adjacent to 



3246. A syst/m configured to heat a hydrocarbon containing formation, comprising: 

an insulated conductor disposed within an open wellbore in the formation, 
wherein ttfe insulated conductor is configured to provide radiant heat to at least a portion 
of the ^rmation during use; and 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 
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3247. The system of claim 3246, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use. 

3248. The system of claim 3246. further comprising a support member, wherein the 
support member is configured to support the insmated conductor. 



3249. The system of claim 3246. further comprising a support member and a centralizes 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configured to^n^intain a locatiop m the insulated conductor on 
the support member. 



3250. The system of claim 3246. wherein the opj 
least approximately 5 cm 



325 1 . The system of claim 3246, further comprising a lead-in conductor coupled to the 



insulated condu< 




ellbore comprises a diameter of at 



tor. wherein me lead/in conductor comprises a low resistance conductor 



configured to generate substantially no heat. 



3252. The systen^of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor. \)/herein the lead-in conductor comprises a rubber insulated 
conductor. 



3253. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 



3254. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 
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3255. The system of claim 3246. further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3256. The system of claim 3246, wherein the insumted conductor comprises a conductor 
disposed in an electrically insulating material, and/wherein the electrically insulating 
material is disposed in a sheath. 

3257. The system of claim 3246, wherein tl/e insulated conductor comprises a conductor 
disposed in an electrically insulating mat^al, and wherein t|fe conductor comprises a 
copper-nickel alloy. 

3258. The system of claim / 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel jjHoy comprises approximately 7 % nickel by 
weight to approximately 1 2 % nickel by 



3259. Thesy^ 
disposed in an 



;em of claim 3246, wherein the 




electrically insulatmg material, 
nickel alloy, aiid wherein/the copper-nickel 
weight to approximately 6Jyo nickel by weight 



sulated conductor comprises a conductor 
1 vherein the conductor comprises a copper- 
comprises approximately 2 % nickel by 



alloy 



3260. The system of claim 3246, wherein the msulated conductor comprises a conductor 
disposed in an electrically insulating material, ana wherein the electricallyjnsulati^ 
material comprises a thermally conductive material. 



3261 . The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in ah electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 
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3262. The system of claim 3246. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein tMe electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3263. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 

3264. The system of claim 3246, wherem jpieinsul&ted conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wh^reir/the magnesium oxide comprises grain particles, 
and wherein the grain parpeles are Configured to occupy porous spaces within the 
magnesium oxide. 

3265. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in aft electrically hasulating material, arid wherein the electrically insulating 
material is ^disposed in a sheath, an<J/wherein t^e sheath comprises a corrosion-resistant 
material. 



3266. The system off clairn 3246, wherein the insulated conductor comprises a conductor 



disposed ii\an eleytricauy insulating material 
material is disposed in a sheath, and wherein 



and wherein the electrically insulating 
the sheath comprises stainless steel. 



3267. The system of claim 3246, further comprising two additional insulated 
conductors/wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 



3268. / The system of claim 3246, further comprising an additional insulated conductor, 
wherein' the insulated conductor and the additional insulated conductor are coupled to a 
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support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

3269. The system of claim 3246. further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor/and the additional insulated 
conductor are configured in a parallel electrical configuration. 

3270. The system of claim 3246, wherein the insulated-conductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

3271 . The system of claim 324^rurthe/ comprising^ support member configured to 
support the insulated conductor, wherein the suppoftrmember comprises orifices 
configured to provide f\ynd flow thro/gh the support member into the open wellbore 
during use. 



3272. The system of claim 3246. furtirer comprising a support member configured to 
support the insulated conductor, wherein the saipport member comprises critical flow 
orifices configured to provide a^ubstantially /constant amount of fluid flow through the 
support member into the open wellbore durimg use. 

3273. The system ofclaim 3246. further comprising a tube coupled to the insulated 



conductor, wherein trie tube is configured to 
wellbore during use. 



>rovide a flow of fluid into the open 



3274. The system of claim 3246 ; further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through the support member into the open 
wellborn during use. 
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3275. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 

3276. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in/an overburden of the 
formation, and wherein the overburden casing comprises steely 

3277. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casing is disposedJn^n overburden of the 
formation, and wherein the overburden casing is fmther disposed in cement. 

3278. The system of claim 3246, furtj^r comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casing is disposed/in an overburden of the 
formation, and wherein a packing material indisposed at^ junction of the overburden 
casing and the open welltjefre. 

3279. The system of £laim 3246. further comprising an bverburden casing coupled to 
the open wellbore. wherein the ovepburden ^easing is disposed in an overburden of the 
formation, wherein a backing material indisposed at a junction of the overburden casing 
and the open wellbore\and whexeiiytne packing material is configured to substantially 
inhibit a flow of fluid between-tfie open wellbore and the overburden casing during use. 

3280. The system of cl/im 3246. further comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casing is disposed in an overburden of the 
formation, wherein^ packing material is disposed at a junction of the overburden casing 
and the open wellbore. and wherein the packing material comprises cement. 

3281. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casing is disposed in an overburden of the 
formation/the system further comprising a wellhead coupled to the overburden casing 



745 



Conley. Rose & Tayon : P C. 



and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configured p couple to the lead-in 
conductor. 

3282. The system of claim 3246, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at leasysome of the hydrocarbons in the 
selected section. 

3283. A system configurable to heat a hydrocaftjorfcontaining formation, comprising: 
an insulated conductor configurabl^to^be disposed within an open wellbore in the 

formation, wherein the insulated condw:tor/is further/onfigurable to provide radiant heat 
to at least a portion of the formation during use; 

wherein the system is configurable to all<$v heat to transfer from the insulated 
conductor to a selected jsection of the/formation^ during use. 

3284. The systen/of claim 3283( wherei^i tlie insulated conductor is further configurable 
to generate heat /luring application of^ electrical current to the insulated conductor 
during use. 



3285. The system -of cla 
support membi 



>83, furthefr comprising a support member, wherein the 
r is confYg*frable to support the insulated conductor. 



3286. The system of claim 3283. further somprisim^a support member and a centralizes 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support /member. 



3287. The/system of claim 3283. wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 
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3288. The system of claim 3283, further comprising a lead-in conductoryCoupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. / 



3289. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a/ubber insulated 
conductor. 

3290. The system of claim 3283, further comprising a leafd-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor compris£S-a-copper wire. 

3291 . The system of claim 3283, further comffrismg a lead-^n conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3292. The system of claim 3283^ further comprising lead-in conductor coupled to the 
insulated conductor with a cmd pin transition conductor/ wherein the cold pin transition 
conductor comprises a substantially low/esista0x:e insulated conductor. 



3293. The svstem of claim 3283, Wherein the insulat 



disposed in an elec 



material is disposed in a sheat 



rically insulating niaterial, and wherein the electrically insulating 



d conductor comprises a conductor 



J 



3294. The system of clajm 3283, wherein the insulatedconductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 



3295. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an/electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, And wherein the copper-nickel alloy comprises approximately 7 % nickel by- 
weight to approximately 12 % nickel by weight. 
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3296. The system of claim 3283. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

3297. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material and wherein ih/ electrically insulating 
material comprises a thermally conductive material. 

3298. The system of claim 3283. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and \yn£rein th^lectrically insulating 
material comprises magnesium oxide. 

3299. The system of claim 3283. wKerein th^ insulated/conductor comprises a conductor 
disposed in an electrically insuring material, wherein/the electrically insulating material 
comprises magnesium oxid^/and wherei^ the rr^agne^ium oxide comprises a thickness of 
at least approximately 1 



3300. The system of c 
disposed in an electrica 



aim 3283/wherein the insulated conductor comprises a conductor 



ly insulating material, an 



material comprises aluminum/a?dde and magnesi 



wherein the electrically insulating 
am oxide. 



3301 . The system of clajrn 3283, wherein the instated conductor comprises ^conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the gr^ln particles are configurable to occupy porous spaces within the 
magnesium oxide 



3302. The system of claim 3283. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
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material is disposed in a sheath, and wherein the sheath comprises a 
material. / 



urosion-resistant 



3303. The system of claim 3283. wherein the insulated condi/ctor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3304. The system of claim 3283, further comprisingiwo additional insulated 
conductors, wherein the insulated conductor and th^two additional insulated conductors 
are configurable in a 3 -phase Y configuration. 

3305. The system of claim 3283, furthprxomprising aiyadditional insulated conductor, 
wherein the insulated conductor and'me additional insulated conductor are coupled to a 
support member, and wherein^ne insulat/d conductor ana the additional insulated 
conductor are configurablean a series electrical/configuration. 



3306. The system of claim 3283, furthei/comprisin^an additional insulated conductor, 
wherein the insulated conductor afnd the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 



conductor are configurable m a parallel electrical c 



3307. The system of claimo283, wherein the insulated conductor is configurable to 



generate radiant heatjc^lpproximately 500 W/m t< 



mfiguration. 



approximately 1 150 W/m during use. 



3308. The system/of claim 3283, further comprising^ support memb^onfigurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable tc/provide fluid flow through the support member into the open wellbore 
durine use. 



3309. Ttie system of claim 3283, further comprising a support member configurable to 
support/the insulated conductor, wherein the support member comprises critical flow 
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orifices configurable to provide a substantially constant amount of fluid flc^w through the 
support member into the open wellbore during use. 

33 10. The system of claim 3283, further comprising a tube coupled/to the insulated 
conductor, wherein the tube is configurable to provide a flow of flj/id into the open 
wellbore during use. 

3311. The system of claim 3283, further comprising a tube/coupled to the first insulated 
conductor, wherein the tube comprises critical flow orificefs configurable to provide a 
substantially constant amount of fluid flow through the /upport member into the open 
wellbore during use. 

3312. The system of claim 3283 . further comprising an overburden casing coupled to 
the open wellbore. wherein the overburder><5asjng is disposed ij^an overburden of the 
formation. 

3313. The system of claim 3^83, furthe/ comprising^ j6verburden casing coupled to 
the open wellbore. whereinahe overburden casing is disposed in an overburden of the 
formation, and wherein tne overburden casing comprises steel. 



3314. The system of c 
the open wellbore, wherl 



aim 328/, further comprising an overburden casing coupled to 
in th/overburden casing tfs disposed in an overburden of the 



formation, and wherein thfe 



urden casing is further disposed in cement. 



3315. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing ^disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the op/n wellbore. 

331 6. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the o/erburden casing 
and the open wellbore, and wherein the packing material is configurable to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 

3317. The system of claim 3283. further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore. and wherein the packing material comprises cement. 

3318. The system of claim 3283. further comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casin^is^isposied in an overburden of the 
formation, the system further comprising a>Vejmead coumed to the overburden casing 
and a lead-in conductor coupled to thp/fnsulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the welmead comprises at least one sealing 
flange, and wherein at least t)re one sealing flange^ configurable to couple to the lead-in 
conductor. 

3319. The system o/ claim 3283/whereii/the system is further configured to transfer 
heat such that the transferred h^at can pyrolyze/at least some hydrocarbons in the selected 
section. 

3320. An in situ methofl for heating a hydrocarbon containing formation, comprising: 
applying ai\el^tr>£al current to an insulated conductor to provide radiant heat to 

at least a portion ofydie formation, wherein the Unsulated conductor is disposed within an 
open wellbore in rfie formation; and 

allowing the radiant heat to transfer from tKef insulated conductor to a selected 
section of the/formation. 



3321. The method of claim 3320. further comprising supporting the insulated conductor 
on a support member. 
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3322. The method of claim 3320. further comprising supporting the msulated conductor 
on a support member and maintaining a location of the insulated conductor on the support 
member with a centralizer. / 



3323. The method of claim 3320. wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore. and w*nerein the three insulated 
conductors are electrically coupled in a 3-phase Y configuration. 

3324. The method of claim 3320. wherein an additional in§ulated conductor is disposed 
within the open wellbore. 

3325. The method of claim 3320, wher^rn dn additional irffiulated conductor is disposed 
within the open wellbore, and wherein the/insulated conductor and the additional 
insulated conductor are electpodly coupled in a serie^configuration. 

3326. The method of tflaim 3320, therein an additional insulated conductor is disposed 
within the open wellb6re, and wherein the insulated Conductor and the additional 
insulated conductor are electrically coupled/ln a parallel configuration. 



3327. The method 
500 W/m to approxi 



of clairpf 3320, wherein the provided heat comprises approximately 
atetf' 1150 W/m. 



3328. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed/in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alloy. 



3329. The method of claim 3320. wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 % nickel by weight. 
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3330. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherem the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 %/nickel by weight. 

333 1 . The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 



15 



20 



25 



3332. The method of claim 3320, wherein me insulated conductor comprises a 
conductor disposed in an electrically insulating materiaj^herein the electrically 
insulating material comprises^magnesiurn oxide, andXvtferein the magnesium oxide 
comprises a thickness of 26 least approximately 1 

3333. The method/of claim 3320, wherein / the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises alumimim oxide and magnesium oxide. 



3334. The method of/clairp / 3320. wherein tl 
conductor disposed Snah electrically insulatiii 
insulating materia/ comprises magnesium ox 
grain particles, and wherein the grain particles 
within the maenesium oxide. 



fe insulated conductor comprises a 
g material, wherein the electrically 
de, wherein the magnesium oxide comprises 
are configured to occupy porous spaces 



3335. Ttie method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant material. 
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3336. The method of claim 3320. wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3337. The method of claim 3320. further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the opei/wellbore through an orifice in the 
support member. 

3338. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing a substant^ally^onstant pmount of fluid into the open 
wellbore through critical flow orifices kKHe support merafber. 

3339. The method of claimo320, wperein a perforated tube is disposed in the open 
wellbore proximate to Xm insulated^conductorwtne method further comprising flowing a 
fluid into the open wellbore throi/gh the perforates tube. 



3340. The method of claim/3320, wfierein a tubjb is disposed in the open wellbore 
proximate to the insulated/conducftor, the method further comprising flowing a 
substantially constant apoupt a fluid into the ope^n wellbore through critical flow orifices 
in the tybe. 



3341 . The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the open wellbore 
through an omfice in the support member. 



3342. Tide method of claim 3320. wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
corrosion inhibiting fluid into the open wellbore through the perforated tube. 
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3343. The method of claim 3320. further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic/signal provided to the 
insulated conductor. 

3344. The method of claim 3320. further comprising motoring a leakage current of the 
insulated conductor. 

3345. The method of claim 3320, further comprising monitoring the applied electrical 
current. 

3346. The method of claim 3320, further comprising monitoring a voltage applied to the 
insulated conductor. 

3347. The method of claim 3320. fyifKer comprisin^monitoring a temperature in the 
insulated conductor with at least^5ne thermocouples. 



3348. The method of clmm 3320, further compr/sing electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3349. The method of clafim 3320/further co: 
conductor to the insulWed conductor using a 



prising electrically coupling a lead-in 
old pin transition conductor. 



3350. The methocr of claim 3320. further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transit/on conductor comprises a substantially low resistance insulated 
conductor. 



3351. TMe method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3352. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an/overburden of the * 
formation, and wherein the overburden casing comprises steel. / 



3353. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further -disposed in cement. 

3354. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing/is dispoged-irT^n overburden of the 
formation, and wherein a packing material is di^pq^edat a junction of the overburden 
casing and the open wellbore. 

3355. The method of claim 3320 > i£irthe/ comprising coWling an overburden casing to 
the open wellbore, wherein the/werburden casing is disposed in an overburden of the 
formation, and wherein the inethod Anther comprises inhibiting a flow of fluid between 
the open wellbore and the'overburden casing wim a packing material. 



3356. The method of claim 3320, furthei/comprisinfg heating at least the portion of the 
formation to pyrolyz/e at leas/ some hydrocarbons wpthin the formation. 



containing formation, comprising: 
conductor to provide heat to at least 



3357. An in si tu m^tho/ for heming a hy drocarbor 

applying an el^lriedJ current to an insulateq i 
a portion of the forr^ation, wherein the insulated conductor is disposed within an opening 
in the formation; ^fid \ 

allowing/the heat to transfer from the insulated conductor to a section of the 
formation. 



3358. Tl/e method of claim 1 , further comprising supporting the insulated conductor on 
a support member. 
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3359. The method of claim 1 . further comprising supporting the insulated conductor on 
a support member and maintaining a location of the first insulate^r conductor on the 
support member with a centralizes 

3360. The method of claim 1 , wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3 -phase Y configuration. 



3361 . The method of claim L wherein an ad4itional insj, 
within the opening. 




conductor is disposed 



3362. The method of claim 1. wher^if/n additional instated conductor is disposed 
within the opening, and wherein/the insulated conductof and the additional insulated 
conductor are electrically catfpled ir/a series configuration. 



3363. The method of/claim L wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically c/upled in a/parallel configuration. 



3364. The method W^aimJ<wherein the provided heat comprises approximately 500 
W/m to approximately 1 150 W/m. 



3365. The method of claim 1 . wherein the insulat^conductor comprises a conductor 
disposed in an jelectrically insulating material, and wherein the conductor comprises a 
copper-nickelalloy. 



3366. The method of claim 1 . wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material wherein the conductor comprises a copper- 
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nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by- 
weight to approximately 12 % nickel by weight. 

3367. The method of claim 1 . wherein the insulated conductor comprises a conductor 
5 disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy compris/s approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

3368. The method of claim 1. wherein the insulated conductor comprises a conductor 
10 disposed in an electrically insulating material, an^wherein^fi^lejctrically insulating 

material comprises magnesium oxide. 



F :i5 



3369. The method of claim 1 , wherdn'theansulated conductor comprises a conductor 
disposed in an electrically insulatjffg material, wherein th^lectrically insulating material 
comprises magnesium oxide, ^nd whepein the magnesymi (^xide comprises a thickness of 
at least approximately 1 



5 20 



3370. The method of claim 1. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide ancnnagnesium cpride. 



25 



3371 . The method of cm air 



/herein the insulated 



conductor comprises a conductor 



disposed in an electri/ally insulating material, wherein the electrically insulating material 

pxide comprises grain particles, 



\ 



comprises magnesium oxide, wherein the magnesium 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 



30 



3372. The^method of claim 1, wherein the insulated conductor comprises a conductor 
disposed /n an electrically insulating material, wherein the insulating material is disposed 
in a sheath, and wherein the sheath comprises a corrosion-resistant material. 
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3373. The method of claim 1 . wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the insulating material is disposed 
in a sheath, and wherein the sheath comprises stainless steel. / 



3374. The method of claim 1 . further comprising support in s4he insulated conductor on 
a support member and flowing a fluid into the opening thrc^ugh an orifice in the support 
member. 

3375. The method of claim 1. further comprising si/pporting-th€msu|ated conductor on 
a support member and flowing a substantially coqstapHimount of £pd into the opening 
through critical flow orifices in the support member. 

3376. The method of claim 1 , whej^in a perforated tube/is/6'isposed in the opening 
proximate to the insulated conductor, th^method further jfomprising flowing a fluid into 
the opening through the perforated tut 

3377. The method of claim 1, wbferein a tuHe is disposed in the opening proximate to the 



insulated conductor, the method' furtheneomprising 
amount a fluid into the onenii/g throrfgh critical flow 



owing a substantially constant 
orifices in the tube. 



3378. The method of claftm L further comprising supporting the insulated conductor on 
a support member and flowing a corrosion inhibiting\fluid into the opening through an 
orifice in the support/member. 



3379. The method of claim 1 , wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 



3380. Jhe method of claim 1 . further comprising determining a temperature distribution 
in the/insulated conductor using an electromagnetic signal provided to the insulated 
conductor. 
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3381 . The method of claim 1 . further comprising monitoring a leakage current of the 
insulated conductor. 

3382. The method of claim L further comprising monitoring ^ie applied electrical 
current. 

3383. The method of claim 1 . further comprising mor^oring a voltage applied to the 
insulated conductor. 

3384. The method of claim 1 5 further comprish^m^nitoring ^temperature in the 
insulated conductor with at least one thern^ot^ouple. 

3385. The method of claim lyfurther comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead/lnr conductor comprises a low- 
resistance conductor coruigured to generate substandal/y no heat. 



3386. The method/of claim l ? iurther comprising electrically coupling a lead-in 
conductor to the insulated co/ductor using a cold pm transition conductor. 



3387. The method of claim L^urther comprising 



electrically coupling a lead-in 



conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 



3388. The method of claim 1. further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation. 

j>389. /The method of claim L further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
ana wherein the overburden casing comprises steel. 
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3390. The method of claim L further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overbun^n of the formation; 
and wherein the overburden casing is further disposed in cement/ 

3391 . The method of claim 1 , further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein a packing material is disposed at a junction of^he^overburpen casing and the 
opening. 

3392. The method of claim 1, further cdmprfsing coupling an cfy£rburden casing to the 
opening, wherein the overburden casing indisposed in an oyerbfurden of the formation, 
and wherein the method furth^comprisfes inhibiting a flpw yi fluid between the opening 
and the overburden casing/with a packing material. 

3393. The method m claim 1 , further comprising heatirfg at least the portion of the 
formation to substantially pypolyze at least smne hydrocarbons within the formation. 



3394. A system 
an insulai 



configured to heat ^hydrocarbon containing formation, comprising: 
hductor disposed within an opening in the formation, wherein the 



insulated conductor 



igured to provide heat to at least a portion of the-formation 



during use. wherein the insulated conductor comprises a\opper-nickel alloy, and N wherein 
the copper-niclcel alloy comprises approximately 7 % nickel by weight to approximately 
1 2 % nickel hy weight; and 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 



3395( The system of claim 3394, wherein the insulated conductor is further configured 
toienerate heat during application of an electrical current to the insulated conductor 
iring use. 
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3396. The system of claim 3394, further comprising a support member, wherein the 
support member is configured to support the insulated conductor/ 



3397. The system of claim 3394, further comprising a support member and a centralizes 
wherein the support member is configured to support the iffsulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. 

3398. The system of claim 3394, wherein the^ening comprises a diameter of at least 
approximately 5 cm. 

3399. The system of claim 33J94, further/comprising a l^ad-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor co/qprises a low resistance conductor 
configured to generate substantially no heat. 



3400. The system o 
insulated conductor, 
conductor. 



claim 3394, further coinprising a lead-in conductor coupled to the 
wherein me lead-in conductor comprises a rubber insulated 



340 1 . The system of ^kita^94, further 
insulated conductor.Avherein the lead-in conductor 



composing a lead-in conductor coupled to the 
comprises a copper wire. 



3402. The system of claim 3394, further comprising a lead-in conductor coupled to the.^ 
insulated conductor with a cold pin transition conductor. 



3403. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 
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3404. The system of claim 3394. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulatingymaterial comprises 
a thermally conductive material. 

3405. The system of claim 3394, wherein the copper-nickel alkfy is disposed in an 
electrically insulating material, and wherein the electrically inflating material comprises 
magnesium oxide. 



3406. The system of claim 3394, wherein the copper-mckel^Hoyis disposed in an 
electrically insulating material, wherein the electricajw^nsulating material comprises 
magnesium oxide, and wherein the magnesiurpxJxi^e comprises a Jnickness of at least 
approximately 1 mm. 



3407. The system of claim 3394ywherein the copper-nickeiyalloy is disposed in an 
electrically insulating material./and whereii/ the electricz^y/insulating material comprises 
aluminum oxide and magnesium oxide. 



3408. The system of claim 3394, wnerein the/copper 
electrically insulating material, wherein th^electrically 
magnesium oxide, whereimthe mfagne^ium oxide comp 
the grain particles are configuredto occupy porous 



nickel alloy is disposed in an 
insulating material comprises 
ises grain particles, and wherein 
within the magnesium oxide. 



spac es 



3409. The system of claip 3394 ; wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein/he sheath comprises a corrosion-resistant material 



3410. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insu/ating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 
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3411. The system of claim 3394, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two addi^onal insulated conductors 
are configured in a 3-phase Y configuration. 

3412. The system of claim 3394, further comprising an additional insulated conductor 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration^ 

3413. The system of claim 3394, further c0jj*tfrising an additional insulated conductor, 
wherein the insulated conductor and the^dditional insulateg ponductor are coupled to a 
support member, and wherein theifisul^ted conductor and^he additional insulated 
conductor are configured in a/parallef electrical confiscation. 

3414. The system ofclaim 3394, wherein the insulated conductor is configured to 
generate radiant heart of approximately 500 W/m to approximately 1 1 50 W/m during use. 

3415. The system of claim 3394, further comprising a support member configured to 



configured to pi 



support the insulated conductor, wKerein the su] 



port member comprises orifices 



Dvidje fluid flpw through the support member into the opening during use. 



3416. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 



34 Ml The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configured to provide a flow of fluid into the opening 
aring use. 
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3418. The system of claim 3394, further comprising a tube coupled/o the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through the support ^nember into the opening 
during use. 

3419. The system of claim 3394, further comprising an c/verburden casing coupled to 
the opening, wherein the overburden casing is disposed/in an overburden of the 
formation. 

3420. The system of claim 3394. further corppfj&ng an overjbtirden casing coupled to 
the opening, wherein the overburden ca^ifig is disposed in^tf Overburden of the 
formation, and wherein the overbupden casing comprises steel. 

3421. The system of claimG394. furthe/ comprising an overburden casing coupled to 
the opening, wherein th^overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3422. The system of claim 3394^. tartfter compnsip; 
the opening, wherein the overburden casing is 
formation, and wherein a pacing material is dispo 
casing and the opening. 



g an overburden casing coupled to 
dispjbsed in an overburden of the 

sed at a junction of the overburden 



3423. The system of claim 3394. further comprising an overburden casing "coupled to 
the opening, whereinrthe overburden casing is disposed in an overburden of the 
formation, whereiia a packing material is disposed at a junction of the overburden casing 
and the opening/and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



3424. The system of claim 3394, further .comprising an overburden casing coupled to 
the open/ng, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the ov^burden casing 
and the opening, and wherein the packing material comprises cement. 

3425. The system of claim 3394. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, Wherein the wellhead is 
disposed external to the overburden, wherein the wellhead /comprises at least one sealing 
flange, and wherein at least the one sealing flange is configured to couple to the lead-in 
conductor. 

3426. The system of claim 3394, wherein the^^y^em is furthei" configured to transfer 
heat such that the transferred heat can pyrtfTyzey&t least som^pydrocarbons in the selected 
section. 

3427. A system configurable to heat a hydrocarbon containing formation, comprising: 
an insulated conductor configurable to he disposed within an opening in the 

formation, wherein the/insulated conductor lVrurther configurable to provide heat to at 
least a portion of the formation daring use/ wherein the insulated conductor comprises a 



copper-nickel alloy, 



id wherein the cofpper-nicke 



nickel by weight to approximately^ % nickel by 

wherein the 
conductor to a selecte 



alloy comprises approximately 7 % 



weight; 

jyster?f is cpfifigurable to allojv heat to transfer from the insulated 
ion of the formation during use. 



3428. The system/of claim 3427, wherein the insulat^d_conductor is further configurable 
to generate heat ^Turing application of an electrical current to the insulated conductor 
during use. 



3429. The system of claim 3427, further comprising a support member, wherein the 
support n/ember is configurable to support the insulated conductor. 
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3430. The system of claim 3427, further comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulatecz conductor, and 
wherein the centralizer is configurable to maintain a location of tjae insulated conductor 
on the support member. 

343 1 . The system of claim 3427. wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3432. The system of claim 3427, further comprism4^ ea d^ conductor coupled to the 



insulated conductor, wherein the lead-in coi>d1ict^r comprises 
configurable to generate substantially p<i heat. 



alow resistance conductor 



3433. The system of claim 3^27, further (comprising a^l/ad-in conductor coupled to the 
insulated conductor, wherpfn the lead-iiyconductor^rj/prises a rubber insulated 
conductor. 

3434. The system hf claim 3427^ further ^omprisi/g a lead-in conductor coupled to the 
insulated conductor, wherein tjre lead-^n conductor comprises a copper wire. 

3435. The system clai^ 3427, further compris ing a lead-in conductor coupled to the 
insulated conductor witl/a cold pin transition conductor. 

3436. The system Ji claim 3427, further comprisik^a lead-in conductor coupled to the 
insulated conductc/r with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



3437. The /ystem of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermaWy conductive material. 
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3438. The system of claim 3427. wherein the copper-nickel alloy indisposed in an 
electrically insulating material, and wherein the electrically insulajang material comprises 
magnesium oxide. 

3439. The system of claim 3427. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide c/mprises a thickness of at least 
approximately 1 mm. 

3440. The system of claim 3427. wherein thejetfpper-nickel alloy is disposed in an 
electrically insulating material, and wherpm thp electrically ir^ating material comprises 
aluminum oxide and magnesium oxide. 



3441. The system of claim 3427. wherein the copper-rnckel alloy is disposed in an 
electrically insulating material, wherein the electrically irfsulating material comprises 
magnesium oxide, wherein the magnesium oxide^omprjfses grain particles, and wherein 
the grain particles are configurable to occupy/porous spaces within the magnesium oxide. 



3442. The system of claim 2427. wherein the copper- 
electrically insulating mat&nalrwherein the electrically 
a sheath, and wherein the sheath comprises a corrosion 



r ickel alloy is disposed in an 
insulating material is disposed in 
esistant material. 



3443. The system pf claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 



3444. The'system of claim 3427. further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a 3-phase Y configuration. 
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3445. The system of claim 342 7. further comprising an additional instated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. / 

3446. The system of claim 3427. further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor apd^r^Milipml insulated 
conductor are configurable in a parallel electrical configuration. / 

3447. The system of claim 3427, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

3448. The system of claim/3427, further comprising a/support member configurable to 
support the insulated conductor, wherein/he support member comprises orifices 
configurable to provide fluid flow thro^glyiie support member into the open wellbore 
during use. [ / / I 

3449. The system of claim 342/7. further comprising a support member configurable to 
support-the insulated conductor, wherein the support\nember comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the/pening during use. 

3450. The system of claim 3427. further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the opening 
during use. / 

345 1 . The^system of claim 3427. further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configurable to provide a 
substantially constant amount of fluid flow through the support member into the opening 
durirfg use. 
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3452. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 



3453. The system of claim 3427. further comprising an/overburden casing coupled to 
the opening, wherein the overburden casing is disposea in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3454. The system of claim 3427. further cpftffmsing an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, and wherein the overbtfrden casing is further disposed in cement. 



3455. The system of claim 3427. further comprising an overburden casing coupled to 
the opening, wherein the overburden oasing is/lispased in an overburden of the 
formation, and wherein a packing n^aterial js disposed at a junction of the overburden 
casing and the opening. 

3456. The systen} of claim 34^7,/further comprising an overburden casing coupled to 
the opening, wherein the ove^btirden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed a\ a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between/the opening and the overburden casing during use. 



3457. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3458. The^system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. 



10 
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3459. The system of claim 3427, wherein the systen/is further configured to transfer 
heat such that the transferred heat can pyrolyze at l/ast some hydrocarbons in the selected 
section. 

3460. An in situ method for heating a hvto^carbon containing formation, comprising: 
applying an electrical curren^to ar/insulated conductor to provide heat to at least 

a portion of the formation, whej^in the insulated conductor is disposed within an opening 
in the formation, and wherein the insmated conducfp comprises a copper-nickel alloy of 
approximately 7 % nickel by weight to approxhna/ely 12 % nickel by weight; and 

allowing thereat to transfer from thpans^ated conductor to a selected section of 
the formation. 

3461 . The metl od of clai/i 3460,yfurther comprising supporting the insulated conductor 
on a support member. 



25 



3462. The method pi claim 3460, further comprising supporting the insulated conductor 
on a support member and maintaining a location s^the first insulated conductor on the 
support membei/with a centralizer. 

3463. The method of claim 3460, wherein the insulated conductor is coupled to two 
additional/insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 



30 
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3464. The method of claim 3460, wherein an additional insulati 
within the opening. / 



conductor is disposed 



3465. The method of claim 3460, wherein an additional/insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 

3466. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulate^condjictorond the additional insulated 
conductor are electrically coupled in a para^etconfiguratjfon. 

3467. The method of claim 346J&; wherein the proved heat comprises approximately 
500 W/m to approximatel>^H50 W/n 

3468. The method m claim 346$ wherein Xh/ cooper-nickel alloy is disposed in an 
electrically insulating material. 



3469. Them< 
electrically ins 



hod of clairti 3460. wherein the topper-nickel alloy is disposed in an 
alating material, ana w r herein the electrically insulating material comprises 



magnesium oxrae. 



3470. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide( and wherein the magnesium oxide comprises a thickness of at least 
approximately / mm. 

3471 . The/method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 
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3472. The method of claim 3460. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the/magnesium oxide. 

3473. The method of claim 3460, wherein the copper-nickel aHoy is disposed in an 
electrically insulating material, wherein the insulating maten$-is-di$posed in a sheath, 
and wherein the sheath comprises a corrosion-resist^ifmaterial. 

3474. The method of claim 3460. wherein the copper-nickel sfljfoy is disposed in an 
electrically insulating material, wherein the insulating mate^ayis disposed in a sheath, 
and wherein the sheath comnrises stainless stee 



3475. The method of/laim 3460. further comprising supporting the insulated conductor 
on a support memb^ and flowing a flyfd into tjie opening /through an orifice in the 
support member. 

3476. The methid of claim 34fe0^urther comprising supporting the insulated conductor 



on a support mem&er and flcfWing a substantially constant 



opening through critical flow orifices in the support member. 



amount of fluid into the 



3477. The method pf claim 3460, wherein a perforated tube is disposed in the opening 
proximate to the irfsulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 



3478. Th/ method of claim 3460. wherein a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 
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3479. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support member. 

3480. The method of claim 3460 ; wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube/ 

3481 . The method of claim 3460, further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 

3482. The method of claim 3460, further corpprising monjtgfring a leakage current of the 
insulated conductor. 

3483. The method of claim 34£0( furtl^r comprising/fi/onitoring the applied electrical 
current. 



3484. The method of clpm 34(^0, further comprising monitoring a voltage applied to the 
insulated conductor. 

3485. The method of claj^aJM^Of further comprising monitoring a temperature in the 
insulated conductor witK at least one thermocouple, 



3486. The methocl'of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low- 
resistance conductor configured to generate substantially no heat. 



3487. The/method of claim 3460. further comprising electrically coupling a lead-in 
conducto/to the insulated conductor using a cold pin transition conductor. 



Conley. Rose & Tayon. PC. 



3488. The method of claim 3460. further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistaijCe insulated 
conductor. 

3489. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed iij/an overburden of the 
formation. 

3490. The method of claim 3460. further comprising co^pHng^n overburden casing to 
the opening, wherein the overburden casing is di^pdsed in an overbjurden of the 
formation, and wherein the overburden ca^n|^Vomprises steel. 

349 1 . The method of claim 3460; further Comprising couojingf an overburden casing to 
the opening, wherein the overburden casing is disposed ill an Overburden of the 
formation, and wherein the overburdei/casing is further disposed in cement. 



3492. The method oyclaim 3460 ) /further comprising coupling an overburden casing to 
the opening, wherein /the overburden easiness disposed m an overburden of the 



formation, and wherein a packing material is disposed z 
casing and the openin; 



a junction of the overburden 



3493. The method of claim 3460. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed\in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and thje overburden casing with a packing material. 



3494. The method of claim 3460 r further comprising heating at least the portion of the 
formation to/substantially pyrolyze at least. some hydrocarbons within the formation. 

3495. A system configured to heat a hydrocarbon containing formation, comprising: 
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at least three insulated conductors disposed within an opening ir/the formation, 
wherein at least the three insulated conductors are electrically coupledin a 3-phase Y 
configuration, and wherein at least the three insulated conductors a/e configured to 
provide heat to at least a portion of the formation during use; anc 

wherein the system is configured to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation djuring use. 

3496. The system of claim 3495. wherein at least the three insulated conductors are 
further configured to generate heat during applicatior/of anelectrical current to at least 
the three insulated conductors during use. 

3497. The system of claim 3495. furthprxomprising a support member, wherein the 
support member is configured to suffport atieast the three kisurated conductors. 



3498. The system of claim / 3495, further comprising a support member and a centralizer, 
wherein the support mernber is configured to support at least the three insulated 
conductors, and wherein the centralizer is configured to Maintain a location of at least the 
three insulated conductors on the support inember. 

3499. The system Ipf claim / o495 >/ wherein the opening comprises a diameter of at least 
approximately 5 cm) 



3500. The system ofclaim 3495, further comprising at least one lead-in conductor 
coupled to at least tl?(e three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configured to generate substantially no 
heat. 



3501 . The/system of claim 3495. further comprising at least one lead-in conductor 
coupled w at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 
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3502. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least t#e one lead-in 
conductor comprises a copper wire. / 



3503. The system of claim 3495. further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 

3504. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductorsywith^c^ld pin transition conductor, 
wherein the cold pin transition conductor com^fees a substantyal/y low resistance 
insulated conductor. 

3505. The system of claim 3495, wherein at least the/ftu&e insulated conductors 
comprise a conductor disposed in an/electrically insulajfng material, and wherein the 
electrically insulating material is disposed in a sheath/ 

3506. The system/of claim 1495. wherein at least/the three insulated conductors 
comprise a conductor disposed in an electrically /nsulating material, and wherein the 
conductor comprises a copper-nickel alloy. 



3507. The system off clpfh 3495, wherein at/least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 



comprises approximately 7 % nickel by wei 



ght to approximately 12 % nickel by weight. 



3508. Tpe system of claim 3495. wherein at least the three insulated conductors 
compri/e a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



777 



Conlev. Rose & Tavon. P C. 



3509. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conducti/e material. 

5 3510. The system of claim 3495, wherein at least the three insulated conductors 

comprise a conductor disposed in an electrically insulating material and wherein the 
electrically insulating material comprises magnesiumyoxide. 

3511. The system of claim 3495, wherein at lea$£tffe three insulated conductors 
10 comprise a conductor disposed in an electrkaflV insulating material, wherein the 

electrically insulating material comprises majgnesium oxide, apq wherein the magnesium 
oxide comprises a thickness of at teast approximately 1 mny 

/ / / 

Ffc / / / 

^3 3512. The system of claini 3495, wherein at least the tnree/insulated conductors 

=p 7 7 / , 

§,£ 15 comprise a conductor disposed in an Electrically insmatingfmaterial, and wherein the 
3 electrically insulating/material comprises aluminum oxide and magnesium oxide. 
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3513. The system bf claim 3405, wherein tKe insulated conductor comprises a conductor 
disposed in an elecirically insulating material, wherein/the electrically insulating material 

fm oxidje, whereii)/me magnesium pxide comprises grain particles, 
and wherein the graiHjsai^icles ape'configured to occupy porous spaces within the 
magnesium oxide. 

3514. The system di claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 
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3515. Tha system of claim 3495, wherein at least the three insulated conductors 
comprise/a conductor disposed in an electrically insulating material, and wherein the 
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electrically insulating material is disposed in a sheath, and wherein ^me sheath comprises 
stainless steel. 

3516. The system of claim 3495, wherein at least the three/insulated conductors are 
configured to generate radiant heat of approximately 50Q/W/m to approximately 1 150 
W/m of at least the three insulated conductors during use. 



3517. The system of claim 3495, further compri^ing^support member configured to 
support at least the three insulated conductors^wherein the sdpport member comprises 
orifices configured to provide fluid flow^motigh the support member into the opening 
during use. 



3518. The system of claim 3495, furmer comm^sing a support member configured to 
support at least the three insulated conductor?; wherein the support member comprises 
critical flow orifices Configured \d provided substantially constant amount of fluid flow 
through the support member into the qpfening during use. 



3519. The system of clairr/3495^ further comprising a tube coupled to at least the three 
insulated conductors, whOTeh/the tube is configured to provide a flow of fluid into the 
opening during hse. 

3520. The system </f claim 3495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configured to 
provide a substantially constant amount of fluid flow through the support member into 
the opening during use. 



3521 . Ther system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3522. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel: 



3523. The system of claim 3495, further comprising an/bverburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



LU 



3524. The system of claim 3495, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed i)in an overburden of the 

formation, and wherein a packing materials disposed/at a junction of the overburden 
casing and the opening. 

3525. The system of clami 3495, further commsing an overburden casing coupled to 
15 the opening, wherein the overburaen casingyiydisposed in an overburden of the 

formation, wherein>a packing material is disposed at a junction of the overburden casing 
and the opening 5/ and whereiiVthe packing material is configured to substantially inhibit a 
flow of fluid be/ween the opening and the/overburden casing during use. 

20 3526. The system of aaim / 3495, further comprising an overburden casing coupled to 
the opening, wlrerein/me^verburden casing is disposed in an overburden of the 
formation, wherein/a packing material isldisposed at a junction of the overburden casing 
and the opening, ^nd wherein the packing\material comprises cement. 

25 3527. The system of claim 3495, further comprising an overburden casing coupled to 
the opening/wherein the overburden casing is disposed in an overburden of the 
formation/the system further comprising a wellhead coupled to the overburden casing 
and a leati-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configured to couple to the lead-in 
conductor. 
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3528. The system of claim 3495, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 



ru 



10 



15 



20 



3529. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least three insulated conductors configurable to Joe disposed within an opening 
in the formation, wherein at least the three insulated conductors are electrically coupled 
in a 3-phase Y configuration, and wherein at least the/three insulated conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 
wherein the system is configurable to allowlieat to transfer from at least the three 
insulated conductors to a selected section^ofthjs formation dutfiAg use. 



3530. The system of claim 3529, whereiiVat least the 
further configurable to generate heat during applicatj 
the three insulated conductors during use. 



3531. The system 
support member is 




insulated conductors are 
an electrical current to at least 



f claim 3529, /further comprising a support member, wherein the 
configurable fo support at least tMe three insulated conductors. 



3532. The system oK(^aimA529, further comprisin 



g a support member and a centralizes 



wherein the support member is configurable to support at least the three insulated 
conductors, and wherein/the centralizer is configurable to maintain a location of at least 
the three insulated conductors on the support member. 



3533. The system of claim 3529, wherein the opening comprises a diameter of at least 
approximately 5/cm. 



3534. The /ystem of claim 3529, further comprising at least one lead-in conductor 
coupled t(/at least the three insulated conductors, wherein at least the one lead-in 
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conductor comprises a low resistance conductor configurable to generate substantially no 
heat. / 



3535. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein apleast the one lead-in 
conductor comprises a rubber insulated conductor. 

3536. The system of claim 3529, further comprising^ least one lead-in conductor 
coupled to at least the three insulated conductors, wh&r€m at lqast the one lead-in 
conductor comprises a copper wire. 



3537. The system of claim 3529^further mmprisirwat least one lead-in conductor 
coupled to at least the three insulated conauctors/wfth a/cold pin transition conductor. 



3538. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition cpndyctor comprises a substantially low resistance 
insulated conductor. 

3539. The system of claii^529, whereirj at least the three insulated conductors 
comprise a condiu^opiisposed in an electrically insulating material, and wherein the 
electrically insulating/material is disposedun a sheath. 



3540. The system of claim 3529. wherein arteast the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 



3541. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 
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3542. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the ccfpper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3543. The system of claim 3529, wherein at least the tnree insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 

3544. The system of claim 3529, wherein atJrast the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material con^iseymagnesium oxide. 

3545. The system of claim 3529, wherein at/least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a mickness of it leatft approximately 1 mm. 

3546. The system of claim/3529, wherein at least the three insulated conductors 



comprise a condi 



btor disnpsed in an electrically insulating material, and wherein the 



electrically insulatingm^terial comprises aluminum oxide and magnesium oxide. 

3547. The system of claim 3529, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the^ grain particles are configurable to occupy porous spaces within the 
magnesium oxide. 



3548. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
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electrically insulating material is disposed in a sheath, and wherein ^ne sheath comprises 
a corrosion-resistant material. 

3549. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulatins'material, and wherein the 
electrically insulating material is disposed in a sheath, ^nd wherein the sheath comprises 
stainless steel. 



3550. The svstem of claim 3529, wherein at le^st the three$isulated conductors are 



configurable to generate radiant heat of^pfpr^ximately 
W/m during use. 



W/m to approximately 1 150 



15 



3551. The system of claim 3529, further comprisii/g a support member configurable to 
support at least the thr^e insulated conduaors, wherein the support member comprises 
orifices configurable to provide fluid/flow through the support member into the opening 
during use. 



3552. The system of claimf 3529, further coi 
support at least the thre^insulated conductors 



iprising a support member configurable to 
wherein the support member comprises 



20 critical flow orifices configurable to provide A substantially constant amount of fluid flow 
through the support member into the opening duHng use. 



25 



3553. The system of claim 3529, further comprising a tube coupled to at least jhe three 
insulated conductors, wherein the tube is configurable to provide a flow of fluid into the 
opening during use. 



30 



3554. Thfe system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configurable to 
provide a substantially constant amount of fluid flow through the support member into 
the opening during use. 
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3555. The system of claim 3529, further comprising an overburden basing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. . / 

3556. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed icf an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3557. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing4^rurther disposed in cement. 

3558. The system of claim 3529 jr ^rtherycomprisi^ an overburden casing coupled to 
the opening, wherein the ovej#urden casing is disposed in an overburden of the 
formation, and wherein aj^acking material isflpposed at a junction of the overburden 
casing and the opening/ / / / 

3559. The system of claim 352$, ftirther comprising an overburden casing coupled to 
the opening, wherein the overburden casimg is disposed in an overburden of the 
formation, wherein a^^ackjiip material is disposed at a junction of the overburden casing 
and the opening, and wherein the packini material is configurable to substantially inhibit 
a flow of fluid between tj/e opening and tfteLoyerburden casing during use. 

3560. The system oftclaim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening/and wherein the packing material comprises cement. 

3561 . The^ystem of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
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and a lead-in conductor coupled to the insulated conductor, wherem the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. 

3562. The system of claim 3529, wherein the system ifs further configured to transfer 
heat such that the transferred heat can pyrolyze at le^st some hydrocarbons in the selected 
section. 

3563. An in situ method for heating a^lydroo^rbon containing formation, comprising: 
applying an electrical curpent to at least three instated conductors to provide heat 

to at least a portion of the formation, wherein at least Jne three insulated conductors are 
disposed within an opening in the formation; and 

allowing the he^t to transfer ffom at lea^f tl)£ three insulated conductors to a 
selected section of the formation. 



3564. The metho/1 of claim 35/63 ? f^pfher comprising supporting at least the three 
insulated conductors on a sup6orLrfiember. 



3565. The method ofd^fm 3563, further comprising supporting at least the three 

support member and maintaining a lc 
insulated conductors efn the support member withVcentralizer. 



insulated conductors oi/a support member and maintaining a location of at least the three 

c 



3566. The method of claim 3563, wherein the provided heat comprises approximately 
500 W/m to app/oximately 1 150 W/m. 



3567. The method of claim 3563, wherein at least the three insulated conductors 
comprise a/conductor disposed in an electrically insulating material, and wherein the 
conducto/ comprises a copper-nickel alloy. 
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3568. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3569. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3570. The method of claim 3563, wherein at l^ast the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprise^r^gnesium oxide. 

3571. The method of claim 356^, wherein at least me three insulated conductors 
comprise a conductor disppsed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least ajwoximately 1 mm. 

3572. The method of claim 35^3ywherein ajf least the three insulated conductors 
comprise a conductor disposegHn an electrically insulating material, and wherein the 
electrically insulating material comprises alu ninum oxide and magnesium oxide. 

3573. The method of cl/m 3563, wherein at\east the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating; material comprises magnesium oxide, wherein the magnesium 
oxide comprises grain particles, and wherein the grain particles are configured to occupy 
porous spaces wimin the magnesium oxide. 



3574. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
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insulating material is disposed in a sheath, and wherein the sheatlvcomprises a corrosion- 
resistant material. / 



3575. The method of claim 3563, wherein at least the three/insulated conductors 
comprise a conductor disposed in an electrically insulating/material, wherein the 
insulating material is disposed in a sheath, and wherein t^e sheath comprises stainless 
steel. 

3576. The method of claim 3563, further compri^fta supporting at least the three 
insulated conductors on a support member a^d^owing a fluid into the opening through 
an orifice in the support member. 



3577. The method of claim 3563^ furthencompri/sing supporting at least the three 
insulated conductors on a supjfort member and flowing a substantially constant amount of 
fluid into the opening through critical flow orifices in the support member. 

3578. The method of claim 3563/ whereinf a perforated tube is disposed in the opening 
proximate to at least th ? three insulated conductors, the method further comprising 



flowing a fluid into the 



ppenijjg through the perforated tube. 



3579. The method of cl^rn 3563 ? wherein a tube is disposed in the opening proximate to 
at least the three insulated conductors, the method further comprising flowing a 
substantially constant amount a fluid into the opening through critical flow orifices in the 
tube. 



3580. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a corrosion inhibiting fluid into 
the opening through an orifice in the support member. 
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3581. The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, the method furmer comprising 
flowing a corrosion inhibiting fluid into the opening through the perforated tube. 



3582. The method of claim 3563. further comprising determining a temperature 
distribution in at least the three insulated conductors using/an electromagnetic signal 
provided to the insulated conductor. 



3583. The method of claim 3563, further comprisii}g monitoring a leakage current of at 
least the three insulated conductors. 



3584. The method of claim 3563, furthej^corpprising monitoring the applied electrical 
current. 

3585. The method of claim 35^3, further comprising monitoring a voltage applied to at 
least the three insulated conductors. 

3586. The method of claim 3563, yfurther comprising monitoring a temperature in at 
least the three insulated aonducto/s wim at least one thermocouple. 



3587. The method of clal 



conductor to at least the three insulated conduct 



3, further comprising electrically coupling a lead-in 



rs. wherein the lead-in conductor 



comprises a low resistanc^ conductor configured! to generate substantially no heat. 

3588. The method of/claim 3563, further comprising electrically coupling a lead-in 
conductor to at least/the three insulated conductors using a cold pin transition conductor. 

3589. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to ayleast the three insulated conductors using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 
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3590. The method of claim 3563, further comprising coupling arr overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 



3591. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed^ in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3592. The method of claim 3563, further cpnlpfising coupling an overburden casing to 
the opening, wherein the overburden casing i/dispased/in an overburden of the 
formation, and wherein the overj^tffden casjng is farther disposed in cement. 

3593. The method of cjmm 3563, farmer comp/ising coupling an overburden casing to 
the opening, wherein/die overburden^sing/is d/sposed in an overburden of the 
formation, and wherein a packing l^ateri^l is disposed at a junction of the overburden 
casing and the opening. 



3594. The mbthod of claim 656fi, further comprising coupling an overburden casing to 
the opening, wherein the oyerfemrden casing is disposed in an overburden of the 
formation, and wherein me'method further conrorises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3595. The method^ of claim 3563, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the hydrocarbons within the 
formation. 



3596. A system configured to heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within aA opening in the formation, and wherein the first conductor is configured to 
provide heat to at least a portion of the formation during use; and 
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wherein the system is configured to allow heat to transfer froi 
to a section of the formation during use. / 



the first conductor 



3597. The system of claim 3596, wherein the first conductor p further configured to 
generate heat during application of an electrical current to the first conductor. 

3598. The system of claim 3596, wherein the first conductor comprises a pipe. 

3599. The system of claim 3596, wherein the first^ofiductor comprises stainless steel. 

3600. The system of claim 3596, whpr^in the/first conduit comprises stainless steel. 

3601 . The system of claim / #596, further /composing a centralizer configured to maintain 
a location of the first conductor within the firsf conduit. 



3602. The systenyof claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor )vithm the /first conduit, wherein the centralizer comprises 
ceramic materia ' 



3603. The system of claiA*G596, furthe 
a location of the nrst-Gemductor within th 
ceramic material and/stainless steel. 



comprising a centralizer configured to maintain 
) first conduit, wherein the centralizer comprises 



3604. The system of claim 3596. wherein the opening comprises a diameter of at least 
approximately/^ cm. 



3605. The system of claim 3596, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 
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3606. The system of claim 3596, further comprising a lead-in condipor coupled to the 
first conductor, wherein the lead-in conductor comprises copper. 

3607. The system of claim 3596, further comprising a slidirjg electrical connector 
coupled to the first conductor. 

3608. The system of claim 3596, further comprising^ sliding electrical connector 
coupled to the first conductor, wherein the sliding ^tectrical connector is further coupled 
to the first conduit. 

3609. The system of claim 3596, furthej><5Qmprising a slidim^electrical connector 
coupled to the first conductor, whepefn the/sliding electricaL^oitnector is further coupled 
to the first conduit, and wherei#ihe slidmg electrical conrfettor is configured to complete 
an electrical circuit with theTirst conductor and the fim oonduit. 

3610. The system of claim 3596/further comprising a second conductor disposed within 



the first conduit and at 



least one/sliding electncal co 



lector coupled to the first conductor 



and the second conductor, wherein at lea^t the one sliding electrical connector is 
configured to generate l^ss Jaeat thanjtne first conductor or the second conductor during 
use. 

361 1 . The system ofrelaim 3596, wherein the first conduit comprises a first section and 
a second section. wKerein a thickness of the first section is greater than a thickness of the 
second section sudi that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 



3612. Tb6 system of claim 3596, further comprising a fluid disposed within the first 
conduit/wherein the fluid is configured to maintain a pressure within the first conduit to 
substantially inhibit deformation of the first conduit during use. 
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3613. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit. / 

3614. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit, wherein the thermally conductive fluid comprises 
helium. / 

3615. The system of claim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to substantially inhibit arcing between the first 
conductor and the first conduit during use. / 

3616. The system of claim 3596, further^tfmprising a tube disposed within the opening 
external to the first conduit, wherein^tfie tm>e is configured to remove vapor produced 
from at least the heated portion of the formation such/that a pressure balance is 
maintained between the first/conduit and the opening to substantially inhibit deformation 
of the first conduit during/use. / / 

conductor is further configured to 
approximately 1650 W/m during use. 

361 8. The system of ctau4a^96, further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein tne first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein the first, second, and third conductors are configured to 
operate in a 3-pttase Y configuration during use. 

3619. The>system of claim 3596, further comprising a second conductor disposed within 
the first ccfnduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 



3617. The system of i 
generate radiant heat of appro/ imateL 




793 



Conley, Rose & Tayon. PC 



3620. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically 9oupled to the first 
conductor to form an electrical circuit with a connector. 

362 1 . The system of claim 3596 ; further comprising an/overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3622. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/aisposed in an overburden of the 
formation, and wherein the overburden casi/g comprises steel. 



3623. The system of claim 3596, further comprising aijf overburden casing coupled to 
the opening, wherein the overburden efasing is dispose^ in an overburden of the 
formation, and wherein the o^erbumen casing is fiartbler disposed in cement. 



3624. The system ofrclaim 359b, further comprising an overburden casing coupled to 
the opening, wherein the overburden casting is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3625. The system^ /lju#f / 3596, further comprising an overburden casing coupled to 
the opening, whereiivthe overburden casing is disposed in an overburden of the 
formation, wherein/a packing material is disposed at a junction of the overburden casing 
and the opening, And wherein the packing materialMs further configured to substantially 
inhibit a flow o/ fluid between the opening and the overburden casing during use. 

3626. The ysystem of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, Wnerein the substantially low resistance conductor is electrically coupled to the 
first conductor. 
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3627. The system of claim 3596, further comprising an overburden/casing coupled to 
the opening and a substantially low resistance conductor disposecrwithin the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance/conductor comprises carbon 
steel. 

3628. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support tjae substantially low resistance conductor 
within the overburden casing. 

3629. The system of claim 3596, wher^ffthe heated section of the formation is 
substantially pyrolyzed. 



3630. A system configur; 

a first conducto 
conduit is configurah 
the first conductor ii further 
formation during 

wherein thfe 
conductor to a sec 



)le to Keat a hydrocarbcft containing formation, comprising: 
fconfigi/rable to be disposed in a first conduit, wherein the first 
be disposed within anppening in the formation, and wherein 
configurable^ preside heat to at least a portion of the 



m is configurable to a 
ation during 



of the f< 



low heat to transfer from the first 
use. . 



363 1 . The system of claim 3630, wherein the f^rst conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 



3632. The System of claim 3630, wherein the first conductor comprises a pipe. 



3633. The system of claim 3630, wherein the first conductor comprises stainless steel. 



363/ The system of claim 3630, wherein the first conduit comprises stainless steel. 
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3635. The system of claim 3630, further comprising a centralizei/configurable to 
maintain a location of the first conductor within the first conduit/ 



3636. The system of claim 3630. further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material. 

3637. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within ^h^irst^gonduit, wherein the centralizer 
comprises ceramic material and stainlessst^el. 

3638. The system of claim JXfiO, wherein tj/e openingyjtomprises a diameter of at least 
approximately 5 cm. 



3639. The system/of claim 3630, further comprising/a lead-in conductor coupled to the 
first conductor, wtfierein the lead-in ranductoryComprj[ses a low resistance conductor 
configurable to generate substantially no he#t. 

3640. The system of claim 3<?30, furtKer comprising\a lead-in conductor coupled to the 
first conductor, vvherein the /lead- iryconduc tor comprises copper. 



3641. The system of 



3630, further comprising a sliding electrical connector 



coupled to the first conductor. 



3642. The systen/of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 



3643. The/system of claim 3630, further comprising a sliding electrical connector 
coupled tq the first conductor, wherein the sliding electrical connector is further coupled 
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to the first conduit, and wherein the sliding electrical connector ^configurable to 
complete an electrical circuit with the first conductor and the first conduit. 

3644. The system of claim 3630, further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the one sliding electrical connector is 
configurable to generate less heat than the first conductor or the second conductor during 
use. 

3645. The system of claim 3630. whpr^in the first ronckut comprises a first section and 
a second section, wherein a thickness of tWe first setftwA is greater than a thickness of the 
second section such that hea*radiated from the firsuconductor to the section along the 
first section of the condtfu is less tha/ heat radiatga from the first conductor to the section 
along the second section of the conduit. 

3646. The system of claim 3<330, furthe/ comprising a fluid disposed within the first 
conduit, wherein the fluid isxonfigupable to maintain a pressure within the first conduit 
to substantially inhibit deformatiptfi of the fir^t conduit during use. 

3647. The sysffcip of claim 3630, further comprising a thermally conductive fluid 
disposed within the^ first conduit. 

3648. The system of claim 3630, further comprising a thermally conductive fluid 
disposed within the first conduit, wherein the thermally conductive fluid comprises 
helium. 



3649. the system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to substantially inhibit arcing between the first 
conductor and the first conduit during use. 
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3650. The system of claim 3630, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configurable to Remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first conduit during use. 

365 1 . The system of claim 3630, wherein the first conductor is further configurable to 
generate radiant heat of approximately 650 W/m \o approximately 1650 W/m during use. 

3652. The system of claim 3630, further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third ran^uifare disbosed in different openings of the 
formation, wherein the first conductor i^lectrically copied to the second conductor and 
the third conductor, and wherein the first, second, $na third conductors are configurable 
to operate in a 3 -phase Y conjuration during u^e.y 

3653. The system of ^laim 3631), fiirther/omp/ising a second conductor disposed within 
the first conduit, wherein the Second conductor is electrically coupled to the first 
conductor to form/an electrical circint. 



3654. The system of claim 3^30, further comprising a second conductor disposed within 
the first conduit,Wher6jn / the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a\connector. 



3655. The system of claim. 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3656. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3657. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3658. The system of claim 3630, further comprising ar/overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3659. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposea in an overburden of the 
formation, wherein a packing material ismsppsm at a junchdh of the overburden casing 
and the 'opening, and wherein the packmg/fnaterial is furtHeyconfigurable to substantially 
inhibit a flow of fluid between the opening and the o^bu/den casing during use. 

3660. The system of claim 363Q( further composing an overburden casing coupled to 
the opening and a substannally/ow resistant conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 



3661 . The system 01^1^1^630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the/substantially low resistance conductor is electrically coupled to the 
first conductor, anfl wherein the substantially low 
steel. 



resistance conductor comprises carbon 



3662. The /System of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 
within/the overburden casing. 
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3663. The system of claim 3630, wherein the heated section/of the formation is 
substantially pyrolyzed. * / 



3664. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to a first conductor to provide heat to at least a 

portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within an opening in the formation; and 

allowing the heat to transfer from the first conductor to a section of the formation. 

3665. The method of claim 3664, wherein the first conductor comprises a pipe. 

3666. The method of claim 3664, wherein the first conductor comprises stainless steel. 

3667. The method of clainr 3664 )y wherein the first conduit comprises stainless steel 

3668. The method ofpaim 36o4, further comprising maintaining a location of the first 
conductor in the first conduit /vith a centralizer. 



3669. The method of ch^n2^64, further 
conductor in the first conduit with a centralizes w 
ceramic material. 



comprising maintaining a location of the first 
lerein the centralizer comprises 



\ 

3670. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer, wherein the centralizer comprises 
ceramic material and stainless steel. 



3671. Themiethod of claim 3664, further comprising coupling a sliding electrical 
connecto/to the first conductor. 
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3672. The method of claim 3664, further comprising electricalh/coupling a sliding 
electrical connector to the first conductor and the first conduiywherein the first conduit 
comprises an electrical lead configured to complete an elec^ical circuit with the first 
conductor. 

3673. The method of claim 3664, further comprising coupling a sliding electrical 
connector to the first conductor and the first conduit, wherein the first conduit comprises 
an electrical lead configured to complete an el/ctrical circuit with the first conductor, and 
wherein the generated heat comprises apprc^iiTxate4y 20 percent generated by the first 
conduit. 

3674. The method of claim 3£64, wkerein the prided heat comprises approximately 
650 W/m to approximateh/1 650 W/m. 

3675. The method/of claim 3x>64, further/6omnfising determining a temperature 
distribution in th/ first conduit using arr electromagnetic signal provided to the conduit. 



3676. The rriethod of ^laim 3664, further comprising monitoring the applied electrical 
current. 

3677. The m^fotfof claim 3664, further comprising monitoring a voltage applied to the 
first conductor^ \ 



3678. The method of claim 3664, further comprising monitoring a temperature in the 
conduit /with at least one thermocouple. 



3679. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
fc|(mation. 
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3680. The method of claim 3664, further comprising coupling an overbu/den casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. / 

368 1 . The method of claim 3664. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3682. The method of claim 3664, further comprising Coupling an overburden casing to 
the opening, wherein the overburden casing is dispo^ecUn^an overburaen of the 
formation, and wherein a packing material is di^p^sed at a junction of the overburden 
casing and the opening. / / / 

3683. The method of claim 3664, furthepxomprising cmiplirig an overburden casing to 
the opening, w r herein the overburden casing is disposed in an/overburden of the 
formation, and wherein/ne method ftfrther comppfses inhibiting a flow of fluid between 
the opening and the overburden casing with packing maternal. 

3684. The methoa of claim 3664, further comprising coup ing an overburden casing to 
the opening, wheijein a substantiallvfovv resistance conductor is disposed within the 
overburden casing, and vyherein^iie substantially low resistance conductor is electrically 
coupled to the first\onaucj0T \ 

3685. The methocr of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to iht first conductor, and wherein the substantially low resistance conductor 
comprises oarbon steel. 

3686. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
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overburden casing, wherein the substantially low resistance conductors electrically 
coupled to the first conductor, and wherein the method farther comprises maintaining a 
location of the substantially low resistance conductor in the overburden casing with a 
centralizer support. 

3687. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3688. The method of claim 3664. further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises copper. 

3689. The method of claim 3664, further/comprising maintaining a sufficient pressure 
between the first conduit and the form^tfon to substantial i//nhibit deformation of the 
first conduit. 



3690. The method of cUim 36^4, further comprising/providing a thermally conductive 
fluid within the first o6nduit. 



3691. The method of cl 
fluid within tfa 



first i 



m 3664, farmer comprising providing a thermally conductive 
duit, wherein the thermally conductive fluid comprises helium. 



3692. The mdthoa of claiiH 3664, further compr 



sing inhibiting arcing between the first 



conductor and A^e^IisHxmduit with a fluid disposed within the first conduit. 



3693. The^ method of claim 3664, further comprising removing a vapor from the 
opening ,using a perforated tube disposed proximate to the first conduit in the opening to 
contro/a pressure in the opening. 



36^4. The method of claim 3664, further comprising flowing a corrosion inhibiting fluid 
thifough a perforated tube disposed proximate to the first conduit in the opening. 
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3695. The method of claim 3664, wherein a second conductor is dis/osed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor to 
form an electrical circuit. / 



3696. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor 
with a connector. 



3697. The method of claim 3664, wherein a y 
second conduit and a third conductor is 
second conduit and the third condui 



:ond 



posed 



conductp/ is disposed within a 
within a t>u/d conduit, wherein the 

rent openings of the formation. 



:tricali 



wherein the first conductor is el 
conductor, and wherein the fytsL second, and 
in a 3-phase Y configuraticfn 



coupled to tne second conductor and the third 
onductors are configured to operate 



3698. The method of claim 3,o64, wherein a second conductor is disposed within the 
first conduit, wherein pt lea^t one sljjding electrical coiinector is coupled to the first 
conductor and the secoVd/£° n <i^ or \ and wherein heal generated by at least the one 
sliding electrical conne/tor is less than heat generated jby the first conductor or the second 
conductor. 



3699. The methpd of claim 3664, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section^of the conduit is less than heat radiated from the first conductor to the section 
along the/second section of the conduit. 



3700./ The method of claim 3664, further comprising flowing an oxidizing fluid through 
an orifice in the first conduit. 
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3701 . The method of claim 3664, further comprising disposing a perforated tube 
proximate to the first conduit and flowing an oxidizing fluid through the perforated tube. 



3702. The method of claim 3664, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carpon within the formation. 



3703. A system configured to heat a hydrocarbon containing formation, comprising: 
a first conductor disposed in a first conduit, vyherein the first conduit is disposed 

within a first opening in the formation; 

a second conductor disposed in a second/6onduit, wherein the second conduit is 
disposed within a second opening in the formation^ 

a third conductor disposed in a thircLgdnduit, wherein the third conduit is disposed 
within a third opening in the foniiatiop^wherein the fim, second, and third conductors 
are electrically coupled in a 3-phase Y oonfigurationJand wherein the first, second, and 
third conductors are configurpa to preside heat yS ^x/least a portion of the formation 
during use; and 

wherein the system is configured toiL&wlieat to transfer from the first, second, 
and third conductors to a select^ section o/the formation during use. 

3704. The system pf claim/3703, wherein the first, second, and third conductors are 
further configured {o generate he^r during application of an electrical current to the first 
conductor. 



3705. The system o/ claim 3703, wherein the firsts second, and third conductors 
comprise a pipe. 

3706. The system of claim 3703, wherein the first, second, and third conductors 
comprise stainless steel. 



3707. The system of claim 3703, wherein the first, second, and third openings comprise 
a diameter of at least approximately 5 cm. 
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3708. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 

3709. The system of claim 3703, further comprising a/first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 

3710. The system of claim 3703, further comprising a second sliding electrical 
connector coupled to the second conductor, whefeurth^ second sliding .electrical 
connector is further coupled to the secopdjconduit. 

3711. The system of claim 3703, further comprisi/g/a third sliding electrical connector 
coupled to the third conductor, wherein the thirci/slicyng electrical connector is further 
coupled to the third conduit. 



and ; 



3712. The system/6 f claim 37 1 
comprises a first /ection 
greater than a th 
first, second, an 
conduits is less t 



he first, second, and third conduits 
second section, whetein a thickness of the first section is 
that heat radiated from each of the 



diated from the first, se 



of the second section such 



rs to the section along the first section of each of the 



section along the second section of each of the conduits. 



i|ond, and third conductors to the 



3713. The systemyof claim 3703, further comprising a fluid disposed within the first, 
second, and thirdyconduits, wherein the fluid is configured to maintain a pressure within 
the first conduit/to substantially inhibit deformation of the first, second, and third 
conduits during use. 



3714. Thp system of claim 3703, further comprising a thermally conductive fluid 
disposed/within the first, second, and third conduits. 



806 



Conley. Rose & Tayon. PC. 



3715. The system of claim 3703, further comprising a thermally >conductive fluid 
disposed within the first, second, and third conduits, wherein tip thermally conductive 
fluid comprises helium. 



10 



^3 



H> 15 



3716. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to substantially inhibit arcing 
between the first, second, and third conductors and/the first, second, and third conduits 
during use. 



3717. The system of claim 3703, fur£ 
the first, second, and third opening^ exte 
wherein at least the one tube yi configured to rerp6vj 
heated portion of the formation such/uhat a 
first, second, and third/conduits anjd the fir$£ seco 



mpnsing at least one tube disposed within 
al to the pyst, second, and third conduits. 

vapor produced from at least the 
balance is maintained between the 
d, and third openings to substantially 



inhibit deformation/Sf the first, second, afnd third conduits during use 



m of claim 3703/wherein the first, second, and third conductors are 



20 



3718. Thesyste 
further configured to gene^ 
1650 W/m during use. 



idiant heat of app 



oximately 650 W/m to approximately 



25 



3719. The system oyclaim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposedytn an overburden of the formation. 

3720. The system of claim 3703, further comprising at least one overburden casing 
coupled to tha first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the. formation, and wherein at least the one 
overburdei/casing comprises steel. 



30 
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372 1 . The system of claim 3703, further comprising at least erne overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, anc^/wherein at least the one 
overburden casing is further disposed in cement. 

3722. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the foipafiafeL and wherein a packing material is 
disposed at a junction of at least the on^x^bur^n casing and the first, second, and third 
openings. 



3723. The system of clairn 3703, further /omprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in^an overbunaen of the/formation, wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wnerein the packing maternal is further configured to substantially inhibit a 
flow of fluid between the fxx^C, second, afid third opening and at least the one overburden 
casing duringf use. 

3724. The system^r claim 3703, where\n the heated section of the formation is 
substantially pyralyzed. 



3725. A system configurable to heat a hydrocarbon containing formation, comprising: 
a first conductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed within a first opening in the formation; 

a/second conductor configurable to be disposed in a second conduit, wherein the 
second/conduit is configurable to be disposed within a second opening in the formation; 

a third conductor configurable to be disposed in a third conduit, wherein the third 
conduit is configurable to be disposed within a third opening in the formation, wherein 
the first, second, and third conductors are further configurable to be electrically coupled 
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in a 3-phase Y configuration, and wherein the first, second, and third conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 
wherein the system is configurable to allow heat to tran/fer from the first, second, 
and third conductors to a selected section of the formation during use. 

3726. The system of claim 3725. wherein the first, second, and third conductors are 
further configurable to generate heat during applicatioryof an electrical current to the first 
conductor. 

3727. The system of claim 3725, wherein the J&t^t, second, a\id third conductors 
comprise a pipe. 

3728. The system of claim 372^f wherein ^e firs)( second, and third conductors 
comprise stainless steel. 

3729. The system of ofaim 3725, wh^reij/the firs/, second, and third opening comprise a 
diameter of at least approximately 5/cm: 



3730. The system lof claim 372$; further 
coupled to the first osijiducjjai^d a second slidin 
second conductor and a third/sliding electrical connector 



comprising a first sliding electrical connector 
; electrical connector coupled to the 
coupled to the third conductor. 



373 1. The system of clafrn 3725, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 



3732. The system of claim 3725, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 
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3733. The system of claim 3725, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical corinector is further 
coupled to the third conduit. 

3734. The system of claim 3725, wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that hesft radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 
section along the second section of each of the conduits. 

3735. The system of claim 3725, further compnsifig a fluid disposed within the first, 
second, and third conduits, wherein the fluid/S configurable ^maintain a pressure within 
the first conduit to substantially inhibit (information of the #r?t, second, and third 
conduits during use. 



3736. The system of claim 3725, further comprising a thermally conductive fluid 
disposed within the first, second, and/third conduits. 

3737. The system of claim i725/furthen€omprising a thermally conductive fluid 



disposed within the first, seco* 
fluid comprises helium. 



lird conduits- whe 



ein the thermally conductive 



3738. The system of claimt 3725, further comprising a fluid disposed within the first, 
second, and third conduit/, wherein the fluid is configurable to substantially inhibit arcing 
between the first, secon/L and third conductors and the first, second, and third conduits 
during use. 



3739. The system/of claim 3725, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least /he one tube is configurable to remove vapor produced from at least the 
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heated portion of the formation such that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third cfpenings to substantially 
inhibit deformation of the first, second, and third conduits during use. 

3740. The system of claim 3725, wherein the first, secopd, and third conductors are 
further configurable to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. / 

3741 . The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings.ywjierein at least the one overburden 
casing is disposed in an overburden of the formation. I / 

3742. The system of claim 3725, fiirther Comprising at/east one overburden casing 
coupled to the first, second, anjnhird openings, wherein at least the one overburden 
casing is disposed in an overburden o0he formation, and/ wherein at least the one 
overburden casing comprises steel. / / \ 

3743. The system of clfaim 3725; furthepromprising at least one overburden casing 
coupled to the first, second, ania third^penings, wherein at least the one overburden 
casing is disposed in an ©verpurd^n of the formation, and wherein at least the one 
overburden casing is fiirtherdisposed in cement. 

3744. The system of claim 3725, further comprising at^least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. / 

3745. The ^ystem of claim 3725, further comprising at least one overburden casing 
coupled to/the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
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disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configurable to substantially inhibit 
a flow of fluid between the first, second, and third openii^g and at least the one 
overburden casing during use. 

3746. The system of claim 3725, wherein the heated section of the formation is 
substantially pyrolyzed. 

3747. An in situ method for heating^h^arocarbon cojnmning formation, comprising: 
applying an electrical current to/a first conductor jio provide heat to at least a 

portion of the formation, wherein the/first conductor is disposed in a first conduit, and 
wherein the first conduit indisposed within a fi/st opening in the formation; 

applying an electrical current to a sejrand conductor to provide heat to at least a 
portion of the formation, wherein the second conductor is disposed in a second conduit, 
and wherein the second conduit is disposed within/a second opening in the formation; 

applying an electrical current to a third conductor to provide heat to at least a 
portion of the formation; wherein the third conductor is disposed in a third conduit, and 
wherein the third c<Wuijis disposed within a third opening in the formation; and 



allowing th^neat to transfer from the firsi 
selected section of the formation. 



second, and third conductors to a 



I 

3748. The rriethod of claim 3747, wherein the first, second, and third conductors 
comprise a/pipe. 



25 3749. /The method of claim 3747, wherein the first, second, and third conductors 
comprise stainless steel. 

3750. The method of claim 3747, wherein the first, second, and third conduits comprise 
stainless steel. 
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375 1 . The method of claim 3747, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3752. The method of claim 3747, further comprising determining a temperature 
distribution in the first, second, and third conduits using aiy electromagnetic signal 
provided to the first, second, and third conduits. 

3753. The method of claim 3747, further comprising monitoring the applied electrical 
current. 

3754. The method of claim 3747, further con^risingl^onitoring a voltage applied to the 
first, second, and third conductors. 

3755. The method of claim 3747^furthef compriskie^ monitoring a temperature in the 
first, second, and third conduhs with a/least one/fhermocouple. 

3756. The method of claim 3747/further^omprising maintaining a sufficient pressure 
between the first, second, and third conduits and pe first, second, and third openings to 
substantially inhibit deformation opmc first, second, and third conduits. 

3757. The method of clpfira'3747, further composing providing a thermally conductive 
fluid within the first, second, and third conduits. 

3758. The methoa of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and third conduits, wherein the thermally conductive fluid 
comprises helium. 



3759, The method of claim 3747, further comprising inhibiting arcing between the first, 
secondhand third conductors and the first, second, and third conduits with a fluid 
disposed within the first, second, and third conduits. 
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3760. The method of claim 3747, further comprising removing aA/apor from the first, 
second, and third openings using at least one perforated tube disposed proximate to the 
first, second, and third conduits in the first, second, and third openings to control a 
pressure in the first, second, and third openings. 

3761 . The method of claim 3747, wherein the first, second/ and third conduits comprise 
a first section and a second section, wherein a thickness op the first section is greater than 
a thickness of the second section such that heat radiated /rom the first, second, and third 
conductors to the section along the first section of the first, second, and third conduits is 
less than heat radiated from the first, second, and thi/d cpncjuctors to the section along the 
second section of the first, second, and third conduits. 

3762. The method of claim 3747, further comprising flo^/ng an oxidizing fluid through 
an orifice in the first, second, and third conduits. 

3763. The method of clahrf 3747, further compri/ing h'eating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



drocarbon containing formation, comprising: 
& conduit, wherein the conduit is disposed within an 



wherein the second conductor is 



3764. A system configured 

a first cond 
opening in the forrrVation: 

a second conouctoHnsposed in the conduit, 
electrically coupled to tfte first conductor with a connector, and wherein the first and 
second conductors ar^ configured to provide heat to at least a portion of the formation 
during use; and 

wherein trfe system is configured to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 



3765. The system of claim 3764, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 
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3766. 
pipe. 



The system of claim 3764, wherein the first and second condj/ctors comprise a 



3767. The system of claim 3764 ? wherein the first and second conductors comprise 
stainless steel. 

3768. The system of claim 3764, wherein the conduit/comprises stainless steel. 

3769. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors wimin the conduit. 

3770. The system of claim 3764, fxirth^t^omprismg a centralizer configured to maintain 
a location of the first and second cpmk#tors wit/in the conduit, wherein the centralizer 
comprises ceramic material. 



3771. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the firs/ and secorui conauctons within the conduit, wherein the centralizer 
comprises ceramic material auid stainless steel. 



3772. Thesvst* 



of cl&m 3764, wherein the opening comprises a diameter of at least 



approximately 5 cmr 



3773. The system of claim 3764, further^ comprising a lead-in conductor coupled to the 
first and second ^conductors, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 



3774. The system of claim 3764, further comprising a lead-in conductor coupled to the 
first and /econd conductors, wherein the lead-in conductor comprises copper. 



3775./ The system of claim 3764, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
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second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. / 



3776. The system of claim 3764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressureywithin the conduit to substantially 
inhibit deformation of the conduit during use. 



3777. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduit. 



3778. The system of claim 3764, furthe^(5ompris 
disposed within the conduit, wherein the thermalK 



g a thermally conductive fluid 
conductive fluid comprises helium. 



3779. The system of clajrfi 3764, .further cjzfmpyfrsing a fluid disposed within the conduit, 
wherein the fluid is configured tc/substa^ially inhibit arcing between the first and second 
conductors and the/conduit during use 



>mprising a tube disposed within the opening 
configured to remove vapor produced from at 
portion M/the formation siich that a pressure balance is maintained 

the opening to substantially inhibit deformation of the conduit 



3780. The systjbm of clain/376/, further c 
external to the ionduit, w)fer?fn the tube is 
least the heated 
between the coni 
during use. 



378 1 . The system of claim 3764, wherein the first and second conductors are further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 



3782. TMe system of claim 3764, further comprising an overburden casing coupled to 
the operfing, wherein the overburden casing is disposed in an overburden of the 
formaiion. 
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3783. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel/ 



3784. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed iivan overburden of the 
formation, and wherein the overburden casing is further/disposed in cement. 

3785. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden- casing is dispos^din an overburden of the 
formation, and wherein a packing material is deposed £t aj unction of the overburden 
casing and the opening. 

3786. The system of claim 3764; furthe/ comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/tlisposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the /ackn*g material is further configured to substantially 
inhibit a flow of fluid Between the owning ancy the overburden casing during use. 



3787. The system df clair 
substantially pyrolyze 



64, wherein the heated section of the formation is 



3788. A system configurable to heat a hydi 



ocarbon containing formation, comprising: 



a first conductor configurable to be disposed in a conduit, wherein the conduit is 
configurable to/oe disposed within an opening in the formation; and 

a seccmd conductor configurable to be disposed in the conduit, wherein the second 
conductor p> configurable to be electrically coupled to the first conductor with a 
connector, and wherein the first and second conductors are further configurable to 
provid^ heat to at least a portion of the formation during use; and 
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wherein the system is configurable to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 



3789. The system of claim 3788, wherein the first conductor/is further configurable to 
generate heat during application of an electrical current to me first conductor. 

3790. The system of claim 3788, wherein the first ancj/second conductors comprise a 
pipe. 

3791. The system of claim 3788, wherein the fi/st and second conductors comprise 
stainless steel. 

3792. The system of claim 3788, wh^reir/the con^u(/ comprises stainless steel. 

3793. The system of claimo788, fuitner comprising a centralizer configurable to 
maintain a location of the first and second/conductors within the conduit. 



3794. The system^ of claim 378^8, fbnher comprising a centralizer configurable to 
maintain a location of the first anja second conductors within the conduit, wherein the 
centralizer comprises ceramic/material. 

3795. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location ofi the first and second conductors within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 



3796. The sy/tem of claim 3788, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3797. The system of claim 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 
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3798. The system of claim 3788, further comprising a lead-ircconductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 

3799. The system of claim 3788, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated/trom the first conductor to the section 
along the second section of the conduit. 



CO 



15 



3800. The system of claim 3788, further comprising^fluid disposed within the conduit, 
wherein the fluid is configurable to mamt^in a pre^uj/e within the conduit to substantially 
inhibit deformation of the condukaurinfi use. 

3801. The svstem of cl#fm 3788,^rther / eomprj / sing a thermally conductive fluid 
disposed within the conduit. 



20 



3802. Thesysteyhofclainy378 / 
disposed within tjie conduit 



, further co 
herein the theifnally 



prising a thermally conductive fluid 
y conductive fluid comprises helium. 



3803. The system or claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between the first and 
second conductors and the conduit during use. 



25 3804. The /ystem of claim 3788, further comprising a tube disposed within the opening 
external tathe conduit, wherein the tube is configurable to remove vapor produced from 
at least me heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 



30 
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3805. The system of claim 3788, wherein the first and second conductors are further 
configurable to generate radiant heat of approximately 650 W/m/o approximately 1650 
W/m during use. / 



3806. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposecj/in an overburden of the 
formation. 



3807. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, and wherein the overburden casipg comprises steel. 

3808. The system of claim 3788, furth^comprisingyn/overburden casing coupled to 
the opening, wherein the overburderufasing is disposed in an overburden of the 
formation, and wherein the overburden casing isiu/ther disposed in cement. 



3809. The system of cla&i 378(8, further 
the opening, wherein the overourden ca^i 
formation, and where/n a packing maj 
casing and the opening 




ing an overburden casing coupled to 
in an overburden of the 
posed at a junction of the overburden 



3810. The system of/claim 3788, further comprising an overburden casing coupled to 
the opening, wherem the overburden casing is disposed in an overburden of th€ 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening/and wherein the packing material is further configurable to substantially 
inhibit a flow di fluid between the opening and the overburden casing during use. 



3811. The/system of claim 3788, wherein the heated section of the formation is 
substantially pyrolyzed. 



3812./ An in situ method for heating a hydrocarbon containing formation, comprising: 
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applying an electrical current to at least two conductors to provide heat to at least 
a portion of the formation, wherein at least the two conductors are/disposed within a 
conduit, wherein the conduit is disposed within an opening in the formation, and wherein 
at least the two conductors are electrically coupled with a connector; and 

allowing heat to transfer from at least the two conductors to a selected section of 
the formation. 

3813. The method of claim 3812, wherein at least the/two conductors comprise a pipe. 



3814. The method of claim 3812, wherein at leas/the two conductors comprise stainless 
steel. 

3815. The method of claim 3812, wh^feiryfhe conduit comprises stainless steel. 



3816. The method of claim 28 12, further comprising maintaining a location of at least 
the two conductors in the^onduit with a central/zer. 

381 7. The method pi claim 3842, furtner comprising maintaining a location of at least 
the two conductor/ in the coj*auit \yith a ceiyralizer, wherein the centralizer comprises 
ceramic material/ 

3818. The metnodof^daim 3812, further comprising maintaining a location of at least 
the two conductors/in the conduit with a cejntralizer, wherein the centralizer comprises 
ceramic material/and stainless steel. 

3819. The/method of claim 3812, wherein the provided heat comprises approximately 
650 W/m/to approximately 1650 W/m. 



3820( The method of claim 3812, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 
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3821. The method of claim 3812, further comprising monitoring/the applied electrical 
current. 

3822. The method of claim 3812, further comprising mopfitoring a voltage applied to at 
least the two conductors. 

3823. The method of claim 3812, further comprisj^g monitoring a temperature in the 
conduit with at least one thermocouple. 

3824. The method of claim 3812 ? further cpfnprising coupling an overburden casing to 
the opening, wherein the overburden casir*6 js^ttSisosed in an overburden of the 
formation. 

V 

3825. The method of clajiti 3812, #irther CQiftf/rising coupling an overburden casing to 
the opening, wherein die overburden casing is/disposed in an overburden of the 
formation, and wherein the ove/ourderr casing comprises steel. 



3826. The method of claim 38^2, further/comprising coupling an overburden casing to 
the opening wherein theyovertmrden casing is disposed in an overburden of the 
formation, [and whereii/the overburden casing is further disposed in cement. 

3827. TheNsLethejd of claim 3812, further comprising coupling an overburden casing to 
the opening, wh/rein the overburden casing is disposed in an overburden of the 
formation, and" wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 



3828. /The method of claim 3812, further comprising coupling an overburden casing to 
the oc/ening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
th<£ opening and the overburden casing with a packing material. 
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3829. The method of claim 3812, further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 



3830. The method of claim 3812, further comprising providirjg a thermally conductive 
fluid within the conduit. 

383 1 . The method of claim 3812, further comprising pr6viding a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 

3832. The method of claim 3812, further compri/ing inhibiting arcing between at least 
the two conductors and the conduit with a fluid AsppsecKwithin the conduit. 

3833. The method of claim 3812, furtji^r comprisingf removing a vapor from the 
opening using a perforated tube di^5osed ^proximajeyfo the conduit in the opening to 
control a pressure in the opening. 

3834. The method of claim 3812,^rthei>xomprising flowing a corrosion inhibiting fluid 
through a perforated tuoe disposed proximate to the conduit in the opening. 

3835. The method of claimyo^kz, wherein fcne conduit comprises a first section and a 
second section, wherein amickness of the first section is greater than a thickness of the 



second section such that/heat radiated from 
first section of the conauit is less than heat 
along the second section of the conduit. 



the first conductor to the section along the 
radiated from the first conductor to the section 



3836. The mejftod of claim 3812, further comprising flowing an oxidizing fluid through 
an orifice in me conduit. 



3837. T/ne method of claim 3812, further comprising disposing a perforated tube 
proxirriate to the conduit and flowing an oxidizing fluid through the perforated tube. 
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3838. The method of claim 3812, further comprising heating at le&st the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

3839. A system configured to heat a hydrocarbon containing formation, comprising: 
at least one conductor disposed in a conduit, wherein the conduit is disposed 

within an opening in the formation, and wherein at least the one conductor is configured 
to provide heat to at least a first portion of the formation during use; 

at least one sliding connector, wherein at least the one sliding connector is 
coupled to at least the one conductor, wherein A least the one sliding connector is 
configured to provide heat during use, and wper&irTheat provided by at least the one 
sliding connector is substantially less^h£rythe heat provided by at least the one conductor 
during use; and 

wherein the system ^configur^d to allo\/h£at to transfer from at least the one 
conductor to a section of the formation during asi 



3840. The system of claim 3839, wherein at least the one conductor is further 



configured to ge 
conductor. 



terate heat duxing/applicatiory of an electrical current to at least the one 



3841 . The system of claim 3839, wherein 

3842. The system <pf claim 3839, wherein 
steel. 



t least the one conductor comprises a pipe. 



at least the one conductor comprises stainless 



3843. The system of claim 3839, wherein the conduit comprises stainless steel. 



3844. Thp system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit. 
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3845. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
comprises ceramic material. • / 



3846. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit wherein the centralizer 
comprises ceramic material and stainless steel. 

3847. The system of claim 3839, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3848. The system of claim 3839, further coitiprising a lead-in conductor coupled to at 
least the one conductor, wherein the le^d-m conductor ^comprises a low resistance 
conductor configured to generape^ubstantially no he. 

3849. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conducto/ wherein tne lead-ir/cond/ictor comprises copper. 



3850. The system of claim 3^39, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first/section is greater than a thickness of the 
Second section such that Keat radiated from the first conductor to the section along the 
first section of the cb|iduit>sTess than heat radiated from the first conductor to the section 
along the second section of the conduit. 



3851. The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit defoliation of the conduit during use. 



3852. The system of claim 3839, further comprising a thermally conductive fluid 
dispo/ed within the conduit. 
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3853. The system of claim 3839, further comprising a thermally/conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



3854. The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arming between at least the one 
conductor and the conduit during use. 



3855. The system of claim 3839, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 

3856. The system of claim 3839, wh^in at least the^i/e conductor is further 
configured to generate radiant l>eat ofyapproximat^ly 6^0 W/m to approximately 1650 
W/m during use. 



3857. The system ol/claim 38329, further compris/ng an overburden casing coupled to 
the opening, whereii/ the overburden casing is disposed in an overburden of the 
formation. 

3858. The system of claim 3#39, further comprising an overburden casing coupled to 
the opening, wherein ttfeoverburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3859. The systeik of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, arja wherein the overburden casing is further disposed in cement. 



3860. The system of claim 3839, further comprising an overburden casing coupled to 
the opemng, wherein the overburden casing is disposed in an overburden of the 
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formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3861 . The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed iiVan overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the ^overburden casing during use. 

10 3862. The system of claim 3839, further comprising^fove^blirden casing coupled to 
the opening and a substantially low resistanc^efTnductor 'disposed within the overburden 
casing, wherein the substantially low re^i^ance condy<fpr is electrically coupled to at 
least the one conductor. 



15 



20 



25 



3863. The system of claimy3839, further cpmprisioig an overburden casing coupled to 
the opening and a substantially loy resistance conductor disposed within the overburden 
casing, wherein the substantiallv/iow4esistance c inductor is electrically coupled to at 
least the one conductor, apd wherein the substant 
carbon steel. 



ally low resistance conductor comprises 



3864. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centrali/er configured to support the substantially low resistance conductor 
within the overbunaen casing. 

3865. The system of claim 3839, wherein the heated section of the formation is 
substantially/pyrolyzed. 



3866. £ system configurable to heat a hydrocarbon containing formation, comprising: 
30 / at least one conductor configurable to be disposed in a conduit, wherein the 

conduit is configurable to be disposed within an opening in the formation, and wherein at 
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least the one conductor is further configurable to provide heat to at/least a first portion of 
the formation during use; 

at least one sliding connector, wherein at least the one sliding connector is 
configurable to be coupled to at least the one conductor, wherein at least the one sliding 
connector is further configurable to provide heat during use, and wherein heat provided 
by at least the one sliding connector is substantially less £nan the heat provided by at least 
the one conductor during use; and 

wherein the system is configurable to allow h/at to transfer from at least the one 
conductor to a section of the formation during use 

3867. The system of claim 3866, wherein at lrasUhe~oiie~t*?nductor is further 
configurable to generate heat during application of an electrijbal current to at least the one 
conductor. 

3868. The system of claim 384)6, wherein at least the «fne conductor comprises a pipe. 

3869. The system of claiijn 3866, yvherein at least tl/e one conductor comprises stainless 
steel. 



3870. The system of claim3^66 z j3A^rein the conduit comprises stainless steel. 

3871 . The system of clapi 3866, further comprisi\ig^a centralizer configurable to 
maintain a location of a/ least the one conductor within the conduit. 



3872. The system pi claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit wherein the 
centralizer comprises ceramic material. 



3873. The System of claim 3866, further comprising a centralizer configurable to 
maintain ar location of at least the one conductor within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 
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3874. The system of claim 3866, wherein the opening comprises 
approximately 5 cm. / 



diameter of at least 



3875. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor corriprises a low resistance 
conductor configurable to generate substantially no heat. 

3876. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in cond^cter-ecmipnses copper. 



3877. The system of claim 3866, wherein thje conduit comprises a first section and a 
second section, wherein a thicki^ss of the fjrst section /s greater than a thickness of the 
second section such that heayradiated froyh the first Conductor to the section along the 
first section of the conduit/is less than h^at radiated from the first conductor to the section 
along the second section/of the conduit. 



3878. The system of c 



aim 3866, Airthef comprising a fluid disposed within the conduit, 



wherein the fluid is conri^ableyt^ a pressure within the conduit to substantially 

inhibit deformation of the conduit during use. \ 



3879. The system of claim/3866, further comprising a thermally conductive fluid 
disposed within the conduit. 

3880. The system ot\claim 3866, further comprising a thermally conductive fluid 
disposed within the /onduit, wherein the thermally conductive fluid comprises helium. 



3881 . The system of claim 3866, further comprising a fluid disposed within the conduit, 
wherein the fljaid is configurable to substantially inhibit arcing between at least the one 
conductor and the conduit during use. 
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3882. The system of claim 3866, further comprising a tube disposed vftthin the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 

3883. The system of claim 3866, wherein at least the one conductor is further 
configurable to generate radiant heat of approximately^*) W/m to approximately 1650 
W/m during use. 

3884. The system of claim 3866 ? further corrip^sing an ovetf&urden casing coupled to 
the opening, wherein the overburden ca^kfg i^/disposed in^ overburden of the 
formation. 



15 3885. The system of claim ^866, further comprising ah overburden casing coupled to 
the opening, wherein the overburden oasing is disposed in an overburden of the 
formation, and wherein tne overburden casirlg comprises steel. 




3886. The system of claiki 386j6 > ^tirther comprising an overburden casing coupled to 

20 the opening, wherein the overj/urden casing is disposed in an overburden of the 

/ 1 
formation, and wherein the overburden casing is further disposed in cement. 



25 



3887. The system of clmm 3866, further comprising an overburden casing coupled to 
the opening, wherein tne overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



30 



3888. The system of claim 3866, further comprising an overburden casing coupled to 
the opening/wherein the overburden casing is disposed in an overburden of the 
formation/wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configifrable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



3889. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. 

jt 

3890. The system of claim 3866, furthepe6myrising an o^rburden casing coupled to 
the opening and a substantially low^sistanoe conducto*\aisposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, apd wherein t^e substantially low resistance conductor comprises 
carbon steel. 



3891. The systeiyi of claim 38p6, further comprising an overburden casing coupled to 
the opening and ^ substantially lo^ resistance conductor disposed within the overburden 
casing and a centValizer c^hf^uiablQ to support tljie substantially low resistance conductor 
within the overburderreasing. 

3892. The systerryof claim 3866, wherein the heated section of the formation is 
substantially pymlyzed. 



3893. An in situ method for heating a hydrocarbon containing formation, comprising: 

anplying an electrical current to at least one conductor and at least one sliding 
connector to provide heat to at least a portion of the formation, wherein at least the one 
condiictor and at least the one sliding connector are disposed within a conduit, and 
wherein heat provided by at least the one conductor is substantially greater than heat 
p/ovided by at least the one sliding connector; and 

allowing the heat to transfer from at least the one conductor and at least the one 
sliding connector to a section of the formation. 
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3894. The method of claim 3893, wherein at least the one conductor comprises a pipe. 

3895. The method of claim 3893, wherein at least the one conductor comprises stainless 
steel. 

3896. The method of claim 3893, wherein the conduit comprises stainless steel. 

3897. The method of claim 3893* further comprising'maintaining a location of at least 
the one conductor in the conduit with a centralizer./ 

3898. The method of claim 3893, further cjomprising maintaining a location of at least 
the one conductor in the conduit with ^centralizer, wh^r^ln the centralizer comprises 
ceramic material. 

3899. The method of clainf 3893, fufther carfiprisirfg maintaining a location of at least 
the one conductor in the/conduit with a centralizer/ wherein the centralizer comprises 
ceramic material and stainless steel. 

3900. The method oi^aim(oo93, wherein the/provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

390L The method or claim 3893, further comprising determining a temperature v 
distribution in the cionduit using an electromagnetic signal provided to the conduit. 

3902. The method of claim 3893, further comprising monitoring the applied electrical 
current. 



3903. The method of claim 3893, further comprising monitoring a voltage applied to at 
least tMe one conductor. 
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3904. The method of claim 3893, further comprising monitoring 
conduit with at least one thermocouple. / 



temperature in the 



3905. The method of claim 3893, further comprising counting an overburden casing to 
the opening, wherein the overburden casing is disposed ip an overburden of the 
formation. 

3906. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is daspose^irra^ overburden of the 
formation, and wherein the overburden casin/c^omprises stjjfel. 

3907. The method of claim 3893, firmer comprising coupling an overburden casing to 

the opening, wherein the overburden casing is disposer in an overburden of the 

/ / / I 

formation, and wherein the overburden casing is furtner disposed in cement. 



3908. The method of claim 3893, furthei>compris/ng coupling an overburden casing to 
the opening, wherein me overburden casing is disposed in an overburden of the 
formation, and wherein a p^tking^aterial is disposed at a junction of the overburden 
casing and the opening^ 

3909. The method of claim 3893, further composing coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the f 
formation, and wjlerein the method further comprises inhibiting a flow of fluid between 
the opening ancr the overburden casing with a packing material. 



3910. The/method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburaen casing, and wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor. 
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391 1. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor, and wherein the substantially low resistance 
conductor comprises carbon steel. 



a 



10 



3912. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 

10. coupled to at least the one conductor, and wherein ^^m^fRbd further comprises 

maintaining a location of the substantially lowj^Sistance conductor in the overburden 
casing with a centralizer support. 

391 3. The method of claim 389^, furtheyxomprising^ electrically coupling a lead-in 
15 conductor to at least the one^nductor^hereii/theiead-in conductor comprises a low 

resistance conductor configured to gerlerate^ubstantially no heat. 



1* 
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3914. The method of claim 389/, farther comprising electrically coupling a lead-in 
conductor to at least [he one CQ^cJtfctor, wherein the lead-in conductor comprises copper. 



3915. The method of claim 3893, further 
between the conduit and/the formation to 



comprising maintaining a sufficient pressure 
substantiallv inhibit deformation of the conduit. 



3916. The methodyOf claim 3893, further comprising providing a thermally conductive 
fluid within the ccmduit. \ 



3917. The method of claim 3893, further comprising providing a thermally conductive 
fluid within/the conduit, wherein the thermally conductive fluid comprises helium. 

30 3918. yhe method of claim 3893, further comprising inhibiting arcing between the 
conductor and the conduit with a fluid disposed within the conduit. 
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3919. The method of claim 3893, further comprising removing a Vapor from the 
opening using a perforated tube disposed proximate to the condyit in the opening to 
control a pressure in the opening. 

3920. The method of claim 3893, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 



3921. The method of claim 3893, further compri, 
an orifice in the conduit. 



fing flovjoft^an oxidizing fluid through 



3922. The method of claim 3893, further oomprising disposing a perforated tube 
proximate to the conduit and flowing^n ^xidizing fluid / tprough the perforated tube. 

3923. The method of claim 3/893, furfher comprising /heating at least the portion of the 
formation to substantially p/rolyze ii least son>e of tfte carbon within the formation. 



3924. A system config 

at least one eion 
wherein at least the one eHqn^ted member is con 
portion of the formation during use; and 

wherein the system is configured to allow 



at a hydrocarbon/containing formation, comprising: 
f embp{ disposed wrthin an opening in the formation, 
Igured to provide heat to at least a 



heat to transfer from at least the one 



elongated member to a/section of the formation during use. 



3925, The systenyof claim 3924, wherein at least the one elongated member comprises 
stainless steel. 



3926. The system of claim 3924, wherein at least the one elongated member is further 
configured lo generate heat during application of an electrical current to at least the one 
elongated/member. 
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3927. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member. / 



3928. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, and wherein the support member comprises openings. 



3929. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the suy[mrtmember/is configured to support at 
least the one elongated member, wherein theiupport member comprises openings, 
wherein the openings are configured to Jtfw/ a fluid alone/length of at least the one 
elongated member during use, and ^herein the fluid is^onfigured to substantially inhibit 
carbon deposition on or proximate to a/least the one elongated member during use. 



3930. The system of claim 3924, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configured to flow a fluid 
along a. length of at least the one elongated member during use, and wherein the fluid is 
configured to substantiahjMnft^^ deposition on or proximate to at least the one 
elongated member during i/se. 

3931. The system of^laim 3924, further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configured to electrically isolate at least 
the one elongated member. 



3932. The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is configured to maintain a location of at least the one 
elongated member on the support member. 
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3933. The system of claim 3924, wherein the opening comprises a, 
approximately 5 cm. / 



iameter of at least 



3934. The system of claim 3924, further comprising a lead/in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3935. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the le^a-in^GOfiductcjr comprises a rubber 
insulated conductor. 




3936. The system of claim 3924^urtherycomprisin^a lead-in conductor coupled to at 
least the one elongated memberf wherein the lead-in conductor comprises copper wire. 

3937. The system of claim 3924, farther comprising i lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 



3938. The system of claihi_35S4, further comprising 
least the one elongated member with a cold pin transit? 



x lead-in conductor coupled to at 
on conductor, wherein the cold pin 



transition conductor comprises a substantially low resistance insulated conductor. 

3939. The system of olaim 3924, wherein at least the one elongated member is arranged 

/ y 

in a series electrical configuration. 

3940. The system of claim 3924, wherein at least the one elongated member is arranged 
in a parallel eleoxrical configuration. 

394 1 . The /ystem of claim 3924, wherein at least the one elongated member is 
configured^to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 
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3942. The system of claim 3924, further comprising a perforated tube/disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. 

3943. The system of claim 3924, further comprising an o/erburden casing coupled to 
the opening, wherein the overburden casing is disposed^ an overburden of the 
formation. 



10 



3944. The system of claim 3924, further comprising an overburden casing coupled to 



■3™ 
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the opening, wherein the overburden casing i^msposed i 
formation, and wherein the overburden^easing comprises^s 



overburden of the 



eel. 



3945. The system of claim 3#24, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whereir/the overburden casing is further disposed in cement. 



3946. The system 
the opening, wherei 



f claim 39Z4, further comprising an overburden casing coupled to 
the ovepburd^n casing is disposed in an overburden of the 
formation, and wher&Q a pjlpkmg material is disposed at a junction of the overburden 
casing and the opening. 

3947. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3948. Th^ system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3949. The system of claim 3924, wherein the heated section m the formation is 
substantially pyrolyzed. / 

3950. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable t</be disposed within an opening in 

the formation, wherein at least the one elongated member Jsjurther configurable to 
provide heat to at least a portion of the formatiotf'mHiJig use; and 

wherein the system is configurable tallow heat to transfer from at least the one 
elongated member to a section of the formation during use. y 



395 1 . The system.of claim 3950, wherein at least the one elongated member comprises 
stainless steel. / / / I 

3952. The system of claim 3950,Xvhereiia / at least the/one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. \ / / I 

3953. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member. 

3954. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, and wherein the support member comprises openings. 

3955. The system of claim 3950, further comprising a support member coupled to at 
least the/one elongated member, wherein the support member is configurable to support 
at leas/ the one elongated member, wherein the support member comprises openings, 
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wherein the openings are configurable to flow a fluid along a iengm of at least the one 
elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member during 
use. 

3956. The system of claim 3950, further comprising a/rube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configurable to flow a 
fluid along a length of at least the one elongated niember during use, and wherein the 
fluid is configurable to substantially inhibit carb^rdeposi^tion on or proximate to at least 
the one elongated member during use. 



3957. The system of claim 3950fmrthen^comprising/a centralizer coupled to at least the 



one elongated member, wheran the cejnralizer is^ 
least the one elongated member. 



ifigurable to electrically isolate at 



3958. The system oyciaim 395J0, flirthej/comprising a centralizer coupled to at least the 
one elongated member and a ^pport/nember coupled to at least the one elongated 
member, wherein th^centr^izei\is configurable ^o maintain a location of at least the one 
elongated member on fher^ut^port member. 

3959. The system ofclaim 3950, wherein the opening comprises a diameter of at least 



approximately 5 cr 



\ 



3960. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one/elongated member, wherein the lead-in conductor comprises a low 
resistance /onductor configurable to generate substantially no heat. 



3961. /The system of claim 3950, further comprising a lead-in conductor coupled to at 
leas/the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. 
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3962. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 



3963. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

3964. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pinj/ansition conductor, wherein the cold pin 
transition conductor comprises a substantiallVlow resistancfTn§ulated conductor. 

3965. The system of claim 3950, wherein at least the one^e^mgated member is arranged 
in a series electrical configuration. 



3966. The system or claim 3950; wherein at / l^ast the/one elongated member is arranged 
in a parallel electrical configuration. 

3967. The system of claim 39S0, wherein at least he one elongated member is 



configurable to genei^t^radiant heat of approximat 
W/m during use. 



ly 650 W/m to approximately 1650 



3968. The system of claim 3950, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable p remove vapor from the opening to control a pressure in the opening 
during use.. 



3969. /The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3970. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation ; and wherein the overburden casing comprises steek; 



3971. The system of claim 3950, further comprising an pverburden casing coupled to 
the opening, wherein the overburden casing is disposed/in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3972. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is elisposed in an overburden of the 
formation, and wherein a packing materialj^oisposed at a junction of the overburden 
casing and the opening, 

3973. The system of clainv#950, further comprising an overburden casing coupled to 
the opening, wherein th^verburden/casingas disposed in an overburden of the 
formation, wherein a .packing material is aisposed at a junction of the overburden casing 
and the opening, aija wherein th? pack^g material comprises cement. 

3974. The system of claimy8950( further comprising an overburden casing coupled to 



the opening, wherein the overburden casing is 



formation, whereiaa packing material is disposed at a junction of the overburden casing 



and the opening, and wherein the packing ma 



disposed in an overburden of the 



erial is further configurable to substantially 



inhibit a flow of fWl between the opening ana the overburden casing during use. 

3975. The system of claim 3950, wherein the heated section of the formation is 
substantially t/yrolyzed. 



3976. A/ in situ method for heating a hydrocarbon containing formation, comprising: 

applying an electrical current to at least one elongated member to provide heat to 
at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening of the formation; and 
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allowing heat to transfer from at least the one elongated mei 
the formation. / 



ler to a section of 



3977. The method of claim 3976, wherein at least the one elongated member comprises 
a metal strip. 

3978. The method of claim 3976, wherein at least the <?de elongated member comprises 
a metal rod. 

3979. The method of claim 3976, wherein at le^st the one elongated member comprises 
stainless steel. 

3980. The method of claim 3976, further/6omprising^^porting at least the one 
elongated member on a center support rtiember. 

398 1 . The method of claim 3976, further composing/supporting at least the one 
elongated member on a Renter supfport meml?er, wherein the center support member 
comprises a tube. 



3982. The method of claim 3 97jSf further comprisii 
one elongated member ™Ea centralizes 



g electrically isolating at least the 



3983. The method^f claim 3976, further comprising laterally spacing at least the one 
elongated membe/ with a centralizer. 

3984. The naethod of claim 3976, further comprising electrically coupling at least the 
one elongated member in a series configuration. 



3985. /The method of claim 3976, further comprising electrically coupling at least the 
one Elongated member in a parallel configuration. 
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3986. The method of claim. 3976, wherein the provided heat comprises Approximately 
650 W/m to approximately 1650 W/m. / 

3987. The method of claim 3976, further comprising determining a temperature 
distribution in at least the one elongated member using an electromagnetic signal 
provided to at least the one elongated member. / 

3988. The method of claim 3976, further comprising monitoring the applied electrical 
current. / 

3989. The method of claim 3976, further con^piasing momfonng a voltage applied to at 
least the one elongated member. X / / 

3990. The method of claim 397o, further comprising monitoring a temperature in at 
least the one elongated member with at/least orfe thermocouple. 



3991 . The method of jeflaim 3976/ further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, (the metho5j / airther comprising/flowing an oxidizing fluid through 
the openings to substafrfetfy inhibit carbon deposition proximate to or on at least the one 
elongated member. / 

3992. The metho^of claim 3976, further comprising flowing an oxidizing fluid through 
a tube disposed proximate to at least the one elongated member to substantially inhibit 
carbon deposition proximate to or on at least the one elongated member. 

3993. The method of claim 3976, further comprising flowing an oxidizing fluid through 
an opening in at least the one elongated member to substantially inhibit carbon deposition 
proximate to or on at least the one elongated member. 
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3994. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-irionductor comprises 
a low resistance conductor configured to generate substantially ny'heat. 

3995. The method of claim 3976, further comprising electrify coupling a lead-in 
conductor to at least the one elongated member using a col/pin transition conductor. 

3996. The method of claim 3976, further comprising/lectrically coupling a lead-in 
conductor to at least the one elongated member usm£ a cold pin transition conductor, 
wherein the cold pin transition conductor compr^subsla^ially low resistance 
insulated conductor. 

3997. The method of claim ^further/omprising/oupling an overburden casing to 
the opening, wherein the o/ertmrden cas4g is disposed/ an overburden of the 
formation. 

3998. The methc/of claim 397/furth/ comprising coupling an overburden casing to 
the opening, wh/rein the overb/rde/casing comprises steel. 



3999. The met 
the opening, whei 



tiod of clai^976, further comprising coupling an overburden casing to 
overburden casing is disposed in cement. 



to 



4000. The method/of claim 3976, further comprising coupling an overburden casing 
the opening, whe/ein a packing material is disposed at a junction of the overburden 
casing and the -opening. 

4001. Th/method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casin/and the opening, and wherein the method further comprises inhibiting a flow of 
flui/between the opening and the overburden casing with the packing material. 
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4002. The method of claim 3976, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon withii/ the formation. 



10 



15 



4003. A system configured to heat a hydrocarbon containing formation, comprising: 
at least one elongated member disposed within an opening in the formation, 

wherein at least the one elongated member is configured to/provide heat to at least a 
portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed within the opening, wherein the conduit is configured to 
provide an oxidizing fluid from the oxidizing flui<f sourc^OQ the opening during use, and 
wherein the oxidizing fluid is selected to substantially inhibit carbon deposition on or 
proximate to at least the one elongated mej#6£r during use(/and 

wherein the system is configured tc/allow heat to/trjansfer from at least the one 
elongated member to a section of'me formation during us^ 

4004. The system of cl^mi 4003, ynerein at }tast the yme elongated member comprises 
stainless steel. 



£ 20 
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4005. The svstem onclaim 4O03.;wherein at least the one elongated member is further 



configured to generate 
elongated member. 



ring application of 



electrical current to at least the one 



4006. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at leasf'the one 
elongated member. 



4007. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongates member, and wherein the conduit comprises openings. 
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4008. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to 
electrically isolate at least the one elongated member from the conduit. 

4009. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to maintain 
a location of at least the one elongated member on the /onduit. 

4010. The system of claim 4003, wherein the operiingcomprises a diameter of at least 
approximately 5 cm. J< I 

401 1. The system of claim 4003, farmer comprising a lead-in conductor coupled to at 
least the one elongated membep/wherein/the lead-in conductor comprises a low 
resistance conductor confiaifred to generate siibsiantially no heat. 



4012. The system of claim 4003, /further comprising a lead-in conductor coupled to at 
least the one elongated member Twh^rein thread-in conductor comprises a rubber 
insulated conductor. / / I 

4013. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elWgatpcfmember, wherein ihe lead-in conductor comprises copper wire. 

4014. The system/^fclaim 4003, further ^c^mprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

4015. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the oi?ie elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

4010. The system of claim 4003, wherein at least the one elongated member is arranged 
in a series electrical configuration. 
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4017. The system of claim 4003, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. / 



401 8. The system of claim 4003, wherein at least the oneyelongated member is 
configured to generate radiant heat of approximately 65yW/m to approximately 1650 
W/m during use. 

4019. The system of claim 4003, further compri/ing^^erfor^ted tube disposed in the 
opening external to at least the one elongated^rfember, wherein the perforated tube is 
configured to remove vapor from the ^p^nin^io contay a/prpsure in the opening during 
use. 

4020. The system of cla*m 4003, further compnsing/an overburden casing coupled to 
the opening, wherein tjtfe overburden /asingyis disposed in an overburden of the 
formation. 



402 1 . The system of claim 40(?3/further comprising an overburden casing coupled to 
the opening, wherem the ovepurden casing is disposed in an overburden of the 
formation, and whereinTIie/overburden casing comprises steel. 

4022. The system of cnaim 4003, further comprising an overburden casing coupled to 



the opening, wherein/the overburden casing is 
formation, and wh/rein the overburden casing 



disposed in an overburden of the 
is further disposed in cement. 

V 



4023. The system of claim 4003, further comprising an overburden casing coupled to 
the opening/ wherein the overburden casing is disposed in an overburden of the 
formation; and wherein a packing material is disposed at a junction of the overburden 
casing a(nd the opening. 
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4024. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

4025. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed/at a kmcfidn of the overburden casing 
and the opening, and wherein the packing matepi^Ks further/configured to substantially 
inhibit a flow of fluid between the opening^nd the overburden casing during use. 

4026. The system of claim 40Q^whQrepi the heated ^c/ion of the formation is 
substantially pyrolyzed. 



4027. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable to be disposed within an opening in 

the formation, wherein at least/the one/elongated member is further configurable to 

provide heat to at least a portion of>rfie formation during use; 

a conduit configurable to be disposed within the opening, wherein the conduit is 

further configurable to^fovide an oxidizing fluid fijom the oxidizing fluid source to the 

opening during use, arid wherein the system is configurable to allow the oxidizing fluid to 

7 \ 

substantially inhibit/carbon deposition on or proximate to at least the one elongated 
member during u3e; and 

wherein/the system is further configurable to allow heat to transfer from at least 
the one elongated member to a section of the formation during use. 



4028. Tme system of claim 4027, wherein at least the one elongated member comprises 
stainless steel. 
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4029. The system of claim 4027, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. / 



4030. The system of claim 4027, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configurable to /upport at least the one 
elongated member. 

403 1. The system of claim 4027, wherein at least the>6ne elongated member is coupled 
to the conduit, wherein the conduit is further configur^biOs support at least the one 
elongated member, and wherein the conduit cop^mises openings. 

4032. The system of claim 4027, further comprising^ centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
electrically isolate at least the one elongated member from the conduit. 

4033. The system of claim 4027, further Comprising a centralizer coupled to at least the 
one elongated member and the conduitywherein the centralizer is configurable to 
maintain a location of al least the one elongated member on the conduit. 



4034. The system of cXtixoJpll , wherein the opening comprises a diameter of at least 
approximately 5 cm. 

4035. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 

4036. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated Conductor. 
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4037. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 



4038. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

4039. The system of claim 4027, further comprising a le&d-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

4040. The system of claim 4027, wherein at le/sptft^jone elongated member is arranged 
in a series electrical configuration. 

404 1 . The system of claim 4027<where y j^i at l^ft the one elongated member is arranged 
in a parallel electrical confiscation. 



4042. The system of claim 4027,/wherein at least the one elongated member is 



configurable to generate radiant/nea^of appro 
W/m during use. 



4043. The system of cl™ 4027, further comprising a perforated tube, disposed in the 



:imately 650 W/m to approximately 1650 



f5erf 



opening external to at P6ast the one elongated! member, wherein the^perforated tube is 
configurable to remove vapor from the openiqg to control a pressure in the opening 
during use. 



4044. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formatio/n. 
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4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. / 

4046. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

4047. The system of claim 4027, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed iijan overburden of the 
formation, and wherein a packing material is disjpsed at a junction of the overburden 
casing and the opening. / A I 

4048. The system of claim 4027/ftirther oomp rising an overburden casing coupled to 
the opening, wherein the overburden casing is/lisposed in an overburden of the 
formation, wherein a packing material is disposed a£ a junction of the overburden casing 
and the opening, and vvherein the paokirrg materiaycomprises cement. 

4049. The system of claim 402jf further comprising an overburden casing coupled to 
the opening, wherW the overMrden casing is disposed in an overburden of the 
formation, wherein apatflangf material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

4050. The system of claim 4027, wherein the heated section of the formation is 
substantially pyrolyzed. 

405 1 . An in /itu method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to at least one elongated member to provide heat to 

at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening in the formation; 
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providing an oxidizing fluid to at least the one elongated membeyto substantially 
inhibit carbon deposition on or proximate to at least the one elongated member; and 

allowing heat to transfer from at least the one elongated memper to a section of 
the formation. / 
5 / 

4052. The method of claim 405 1 , wherein at least the one elongated member comprises 
a metal strip, / 

4053. The method of claim 4051, wherein at least the one elongated member comprises 
10 a metal rod. / 



4054. The method of claim 405 1, wherein at lea^tKe one elongated member comprises 
stainless steel. 



H 15 
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4055. The method of claim 405 L/further Comprising suppqfting at least the one 
elongated member on a center^upport member. 

4056. The method of clpm 405 1, mrther cojzlprising supporting at least the one 
elongated member on a penter support member, whereiij the center support member 
comprises a tube. 



4057. The method of claim 4051, further comprising|electrically isolating at least the 
one elongated member with a centralizer. 

25 4058. The method pf claim 405 1, further comprising laterally spacing at least the one 
elongated member/with a centralizer. 



30 



4059. The method of claim 405 1, further comprising electrically coupling at least the 
one elongatea member in a series configuration. 
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4060. The method of claim 405 1 , further comprising electrically co 
one elongated member in a parallel configuration. / 



ling at least the 



4061 . The method of claim 405 1 , wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

4062. The method of claim 405 1 , further comprising determining a temperature 
distribution in at least the one elongated member using an elect^oni^gnetic signal 
provided to at least the one elongated member. 

4063. The method of claim 405 1 5 further cptnprising morning the applied electrical 
current. 

4064. The method of claim 406 1 , further comprising monitoring a voltage applied to at 
least the one elongated memper. 



4065. The method of claim 405 1/ further comprising monitoring a temperature in at 
least the one elongated member/withym least one thermocouple. 



4066. The method of cWti-405 1, further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, wherein providing the oxidizing fluid to at least the one elongated 
member comprises Rowing the oxidizing fluid through the openings in the center support 
member. 



4067. The method of claim 405 1, wherein providing the oxidizing fluid to at least the 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 
disposed in the opening proximate to at least the one elongated member. 
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4068. The method of claim 405 1, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 



4069. The method of claim 405 1, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pm transition conductor. 

4070. The method of claim 405 1, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a/cold pin transition conductor, 
wherein the cold pin transition conductor comprises^ substantially low resistance 
insulated conductor. 

4071 . The method of claim 405 1 , further co^pri^wtjfcoufyling an overburden casing to 
the opening, wherein the overburden casings disposed^n an overburden of the 
formation. 

4072. The method of claim 405 1, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

4073. The method of claim 4(35 1, further comprising coupling an overburden casing to 
the opening, wherein the overburden/casing is disposed in cement. 



4074. The method M" claim>H)5 1 , further 
the opening, wherein I packing material is disposed 
casing and the opening. 



comprising coupling an overburden casing to 
at a junction of the overburden 



4075. The method of claim 405 1 , further comprising coupling an overburden casing to 
the openingywherein a packing material is disposed at a junction of the overburden 
casing and/xhe opening, and wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 
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4076. The method of claim 405 1 , further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

4077. An in situ method for heating a hydrocarbon containing formation, comprising: 
oxidizing a fuel fluid in a heater; 

providing at least a portion of the oxidized fuel fluid int^ a conduit disposed in an 
opening of the formation; 

allowing heat to transfer from the oxidized fuel flui^fto a section of the formation; 

and 

allowing additional heat to transfer from an electric heater disposed in the opening 
to the section of the formation, wherein heat is allowed to transfer substantially uniformly 
along a length of the opening. 

4078. The method of claim 4077, wherejrfproviding at least the portion of the oxidized 
fuel fluid into the opening comprises^ win^/the oxidizer fue/ fluid through a perforated 
conduit disposed in the opening. 



4079. The method of claimA077, whprein prodding at least the portion of the oxidized 
fuel fluid into the opening domprise/flo wing the oxidized fuel fluid through a perforated 
conduit disposed in the opejning, t^e m^tnod further comprising removing an exhaust 
fluid through the opening. 



4080. The method of clain/4077, further comprising 
in the heater with a flame., 



initiating oxidation of the fuel fluid 



408 1 . The method o0:laim 4077, further comprising removing the oxidized fuel fluid 
through the conduit/ 



4082. The method of claim 4077, further comprising removing the oxidized fuel fluid 
30 through the ccmduit and providing the removed oxidized fuel fluid to at least one 
additional heater disposed in the formation. 
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4083. The method of claim 4077, wherein the conduit comprises an insulator disposed 
on a surface of the conduit, the method further comprising tapering4 thickness of the 
insulator such that heat is allowed to transfer substantially uniformly along a length of the 
conduit. 

4084. The method of claim 4077, wherein the electric heater is an insulated conductor. 

4085. The method of claim 4077, wherein the electric heater is a conductor disposed in 
the conduit. 

4086. The method of claim 4077, wli0i€ii)4he elecpt^b heater is an elongated conductive 
member. 

4087. The method of claim 4077, wherein )he hydrocarbon containing formation 
comprises a coal containing foraiation. 



4088. The met] 
comprises an oi 



fod of claim/4077/wherein jflie hydrocarbon containing formation 
shale comainiifg formation 



4089. The methocftxfclaim 4077, whereip the hydrocarbon containing formation 
comprises a heavy^oil and/or tar containing permeable formation. 

4090. The method of claim 4077, wherein the hydrocarbon containing formation 
comprises a/heavy oil and/or tar containing impermeable formation. 



4091. A system configured to heat a hydrocarbon containing formation, comprising: 

one or more heat sources disposed within one or more open wellbores in the 
formation, wherein the one or more heat sources are configured to provide heat to at least 
a/portion of the formation during use; and 
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wherein the system is configured to allow heat to transfer from the one or more 
heat sources to a selected section of the formation during use. / 



4092. The system of claim 4091, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from^t least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



10 
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4093. The system of claim 4091, wherein the one pr more heat sources comprise 
electrical heaters. 



4094. The system of claim 409 1 , wherein t 
burners. 

4095 . The system of claim 40*9 1 , whe/ein 
flameless distributed comWustors 




re heat sources comprise surface 



or more heat sources comprise 



25 



4096. The system of/claim 409/, wherein tl^e one or more heat sources comprise natural 
distributed combustoy 

4097. The system ofVlai^n 4091, whereii/ the one or more open wellbores comprise a 
diameter of at least appp6ximately 5 cm. 

4098. The system/6 f claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburdervx>f the formation. 



4099. Tpe system of claim 4091, further comprising an overburden casing coupled to at 
least orie of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburden casing comprises steel. 
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4100. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburden casing is further disposed in 
cement. 

4101. The system of claim 4091, further comprising an cfverburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein a packirig material is disposed at a junction 
of the overburden casing and the at least one of the^one or more open wellbores. 

4102. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbpresywherein the overburden casing is disposed in 
an overburden of the formation, wherein a/packing materials disposed at a junction of 
the overburden casing and the^t least one of the one onnpre open wellbores, and 
wherein the packing material is configured to substamiaily inhibit a flow of fluid between 
at least one of the one^ more openywellbores ai)d the /overburden casing during use. 



4103. The system/of claim 409/, further^omprising an overburden casing coupled to at 
least one of the onje or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
the overburden casing and/th^'at least one of the ope or more open wellbores, and 
wherein the packing material comprises cement. 

4104. The system of claim 4091, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 



4105. The system of claim 4091, further comprising a valve coupled to at least one of 
the one orymore heat sources configured to control pressure within at least a majority of 
the selected section of the formation. 
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4 1 06. The system of claim 409 1 , further comprising a valve coupled/to a production 
well configured to control a pressure within at least a majority of th/ selected section of 
the formation. / 



4107. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least one portion of the 

formation, wherein the one or more heat sources are disposed within one or more open 

wellbores in the formation; 

allowing the heat to transfer from the one 9/ more heat sources to a selected 

section of the formation; and 

producing a mixture from the formatic 



4108. The method of claim 4 107/ wherein the ocre m more heat sources comprise at 
least two heat sources, andA<Tierein sucfeiposition of heat from at least the two heat 
sources pyrolyzes at le^t some hydipocarbpns within the selected section of the 
formation. 



4109. Themethoc 
maintaining a temp 



of claim .0107, wherein controlling formation conditions comprises 
rature y<ymrin the selected section within a pyrolysis temperature 



range with a lower pyrolysis temperature of 
temperature of about 400 °C. 



about 250 °C and an upper pyrolysis 



4110. The methpd of claim 4107, wherein the one or more heat sources comprise 
electrical heaters. 

4111. The method of claim 4107, wherein the one or more heat sources comprise 
surface burners. 



4112/ The method of claim 4107, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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4113. The method of claim 4107, wherein the one or more he; 
distributed combustors. / 



sources comprise natural 



4114. The method of claim 4107, wherein the one or nyare heat sources are suspended 
within the one or more open wellbores. 

4115. The method of claim 4107, wherein a tube/is disposed in at least one of the one or 
more open wellbores proximate to heat source, trie method further comprising flowing a 
substantially constant amount a fluid into at l/ast on^ofme o^ie or more open wellbores 
through critical flow orifices in the tube. 

4116. The method of claim 4107ycvh/rein a perforated 7 tiibe is disposed in at least one of 
the one or more open wellbores^roxamate to the he^t source, the method further 
comprising flowing a corrosion inhibiting fluid jmo a/least one of the open wellbores 
through the perforated tut>e. 

4117. The method of claimAl07, further composing coupling an overburden casing to 
at least one of the one or more open wellbores, ^herein the overburden casing is disposed 
in an overburden off the rormatkm. 



4118. The method/if claim 4107, further comprising coupling an overburden casing to 



at least one of the/One or more open wellbores 



. wherein the overburden casing is disposed 



in an overburderf of the formation, and wherein the overburden casing comprise steel. 



4119. The/method of claim 4107. further comprising coupling an overburden casing to 
at least orie of the one or more open wellbores, wherein the overburden casing is disposed 
in an oVerburden of the formation, and wherein the overburden casing is further disposed 
in cement. 
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4120. The method of claim 4107, further comprising coupling an cwerburden casing to 
at least one of the one or more open wellbores. wherein the overburden casing is disposed 
in an overburden of the formation, and wherein a packing material is disposed at a 
junction of the overburden casing and the at least one of the one or more open wellbores. 



10 



4121. The method of claim 4107, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, whereiii the overburden casing is disposed 
in an overburden of the formation, and wherein the method further comprises inhibiting a 
flow of fluid between the at least one of the one or/mpre^ope^ wellbores and the 
overburden casing with a packing material. 

4122. The method of claim 4107yfurther cc/mprising heajihg/at least the portion of the 
formation to substantially pyroiyze at leas/some of the/arbon within the formation. 



15 



20 



4123. The method of cl^im 4107, furfner comprising controlling a pressure and a 
temperature within at le&st a majorit/ of the selected section of the formation, wherein 



the pressure is controlled as a func/ion of ^rnperature, c 
a function of pressure. 



4124. The method 
wellbore. 



r the temperature is controlled as 



f claim/4 107, further comprising controlling a pressure with the 



25 



4125. The method of xSlaim 4107, further comprising controlling a pressure within at 
least a majority of the selected section of the formation with a valve coupled to at least 
one of the one or more heat sources. 



4126. The meniod of claim 4107, further comprising controlling a pressure within at 
least a majority of the selected section of the formation with a valve coupled to a 
production well located in the formation. 



30 
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4127. The method of claim 4107, further comprising controlling the'heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 



4128. The method of claim 4107, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbaA containing formation from the 
one or more heat sources, wherein the formation has afn average heat capacity(C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to/th^volum^ is equal to or less than Pwr, 
wherein Pwr is calculated by the equatior 
Pwr = h*V*C v *p B 

wherein Pwr is the heating' energy/day, h is an/average heating rate of the 
formation, p& is formation bu^K density, /and whereija t|4e heating rate is less than about 10 
°C/day. 



4129. The method of c 
more heat sources to the 
conduction. 



urn 4 1 07/wherein ^llowinj 



selectecy section/comprises 



the heat to transfer from the one or 
transferring heat substantially by 



4130. The method of claim 4107, wherein providing heat from the one or more heat 
sources comprises heating/the selected section such that a thermal conductivity of at least 
a portion of the selected iection is greater than about 0.5 W/(m °C). 



4131. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



4132. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons,yand wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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4133. The method of claim 4107, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to aboui 0.15. 



4134. The method of claim 4107, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 °//by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

4135. The method of claim 4107, whereip-fh^ producedAnixture comprises condensable 
hydrocarbons, and wherein less than^Bout 1/% by wej&nfl:. when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



4136. The method of claim 4107, wherein the/pro<auced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1/% by/weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/oxygen 



4137. The method o 
hydrocarbons, wherei 



claim 4/07ywherein the p*oduced mixture comprises condensable 

out 30 % by weight of the condensable 



about/5/% by weight to al 
hydrocarbons comprise^oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



4138. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on anatomic 
basis, of the condensable hydrocarbons is sulfur. 



4139. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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4140. The method of claim 4107, wherein the produced mixture/comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more thai/ two rings. 



4141 . The method of claim 4107. wherein the produced^mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by v^eight of the condensable 
hydrocarbons are asphaltenes. 



4142. The method of claim 4107, wherein the pfpduced 
10 hydrocarbons, and wherein about 5 % by weight to about 
condensable hydrocarbons are cycloa^tanes^ 



iixture comprises condensable 
JO % by weight of the 
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4143. The method of claim 4f07, when 
condensable component, wberein the 
and wherein the hydrogen/is greater than about' 10 
component and wherein/he hydrogen is le: 
condensable componenj 



in the produced mixture comprises a non- 
n-condei>saple component comprises hydrogen. 

% by volume of the non-condensable 
thaiyabout 80 % by volume of the non- 



4144. The method of 



:laim 41 Q?f wherein the produced mixture comprises ammonia. 



and wherein greater than ab^ut 0.05 % by weight of the produced mixture is ammonia. 



4145. The method of claim 4107, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

25 4146. The methodr of claim 4107, further comprising controlling a pressure within at 
least a majority ojt the selected section of the formation. 



4147. The method of claim 4107, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least arcout 2.0 bar absolute. 
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4148. The method of claim 4107, further comprising controlling formation conditions 
such that the produced mixture comprises a partial pressure of H 2 ^ithin the mixture 
greater than about 0.5 bar. 

4149. The method of claim 4148, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

4150. The method of claim 4107, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



4151. The method of claim 4107, further o 
formation to inhibit production of hyd 
numbers greater than about 25. 



4152. The method of clai 
providing hydro; 

within the section; and 

heating a portioh of the 




a pressure within the 
brmation having carbon 



sectionf to hydrogenate hydrocarbons 
with heat froih hydrogenation. 



4153. The method of clainytl07, wherein the produc\d^mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensabtenydrocarbons with at least a portion of the produced hydrogen. 



4154. The method 01 claim 4107, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



4155. The method of claim 4107, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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4156. The method of claim 4107, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measure/ by the Fischer 
Assay. / 



4157. The method of claim 4107. wherein producing the mixrure comprises producing 
the mixture in a production well, and wherein at least about/ / heat sources are disposed in 
the formation for the production well. 

4158. The method of claim 4107, further comprising providhm heat from three or more 
heat sources to at least a portion of the form^tfon/wherein tj^ee or more of the heat 
sources are located in the formation in a/tinit o£4ieat sources', and wherein the unit of heat 
sources comprises a triangular patter 

4159. The method of claim 4107, further comprising providing heat from three or more 
heat sources to at least a portion of the/ronrtation, wherein three or more of the heat 
sources are located in the formation *n ajmit of heat sources, wherein the unit of heat 
sources comprises a tnangul^rpatt^fi, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4160. The method of claim A 107, further comprising separating the produced mixture 
into a gas stream and a liquid stream. 

4161. The method of daim 4 1 07, further comprising separating the produced mixture 
into a gas stream and/a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 



4162. The m/thod of claim 4107, wherein the produced mixture comprises H2S, the 
method further comprising separating a portion of the H 2 S from non-condensable 
hydrocarbons. 
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4163. The method of claim 4107, wherein the produced mixture comprises CO2, the 
method further comprising separating a portion of the CO2 from man-condensable 
hydrocarbons. / 



4164. The method of claim 4107, wherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixti^re can be produced from the 
formation as a vapor. 

4165. The method of claim 4107, wherein the mixture is produced from a production 
well, the method further comprising heating a wejlbore of^thS^pfyduction well to inhibit 
condensation of the mixture within the wellbore 



4166. The method of claim 4107, wherein me mixture isyp/oduced from a production 
well, wherein a wellbore of the productiorvwell compri^es/a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wKereinAhe mixture comprises a large 
non-condensable hydrocarbon gas component and H2 



4167. The method of claim 4 1 Oil whej^in the selected 
pyrolysis temperature of abauL220^C 



section is heated to a minimum 



4168. The method of claim/4107, further comprising maintaining the pressure within the 
formation above about 2.0ybar absolute to inhibit production of fluids having carbon 
numbers above 25. 



4169. The method oyclaim 4107, further comprising controlling pressure within the 
formation in a range/from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an amount of condensable hydrocarbons within 
the produced mixt/ure, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. 
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4 i 70. The method of claim 4 1 07, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to abojit 100 bar, as measured at a 
wellhead of a production well, to control an API gravity ofrcondensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the AM gravity. 



.10 



ff7. 



ry 



15 



20 



4171 . A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising: 

an olefin content of less than about 1 ^/oj^y^vei^it; and 

an average carbon number less than/about 35. 



4 1 72. The mixture of claim 4 1 7J<rurt)ier comprisin! 
than about 30. 



4173. The mixture of 9iaim 4171/ further conjprisipg an average carbon number less 
than about 25. 




average carbon number less 



4174. The mixture of claim 4171, further comprising 



hie hyarocarhefns comprisin] 



hydrocarbons having carbon numbers 



non-condens£ 
of less than 5; and 

wherein a weight^ratio of the hydrocarbons having carbon numbers from 2 
through 4, to methane, In the mixture is greater than approximately 1 . 



25 4175. The mixture/of claim 4171, further comprising condensable hydrocarbons, 
wherein less than ^bout 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen, and wherein 
less than about 1 % by weight, when calculated on an atomic basis, of the condensable 

30 hydrocarbons is sulfur. 



Conley, Rose & Tayon. P C. 



4176. The mixture of claim 4171, further comprising ammonia, \^nerein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4177. The mixture of claim 4171, further comprising condensable hydrocarbons, 
wherein an olefin content of the condensable hydrocarbons/is greater than about 0. 1 % by 
weight of the condensable hydrocarbons, and wherein the/olefin content of the 
condensable hydrocarbons is less than about 15 % by \yeight of the condensable 
hydrocarbons. 



u 



10 4178. The mixture of claim 4171, further comprising 

wherein less than about 15 % by weight of the condensable 
number greater than about 25. 



^ensable hydrocarbons, 
lydrocarbons have a carbon 



Id 



4179. The condensable hydrocarbons of claim 4178, wherein less than about 1 % by 
15 weight, when calculated on an atomic basis, of the corieiemsable hydrocarbons is nitrogen, 
wherein less than about 1 % by weight/when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen/and wherein less than about 1 % by weight, when 
calculated on an atomic basis, of thexondensable hydroc arbons is sulfur. 

20 4180. The mixture of claim 4 1 77, fimher comprising condensable hydrocarbons, 



wherein greater than abour 
compounds. 



?y weight of the conded 



>able hydrocarbons are aromatic 



4181. The mixture of claim 4171, further comprising: 
25 non-condensable/nydrocarbons comprising hydrocarbons having carbon numbers 

of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 

from 2 through 4, to methane, in the mixture is greater than approximately 1; 

wherein the/non-condensable hydrocarbons further comprise H2, wherein greater 

than about 15 % by weight of the non-condensable hydrocarbons comprises H2; and 
30 condensable hydrocarbons, comprising: 
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oxygenated hydrocarbons, wherein greater than about 1.5% by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than abcfut 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds/ 

4182. The mixture of claim 4171, further comprising:/ 

condensable hydrocarbons, wherein less than/about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons'naving a carbon number greater than 
about 25; / ^ >^ 

wherein the condensable hydrocarbons iufmer comprise: 

oxygenated hydrocarbons^^vmerein greater than^pout 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, whe/ein greater than about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hy^rocarbon/comprism^ Eb, wherein greater than about 15 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4183. . The mixture of claim 4171 J&lrther comprising a conoensable mixture, 
comprising: j \ 

olefins, wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable mixture comprises olefins; and 

asphaltenes, wherein less than about 0.1 % by weight of the condensable mixture 
comprises asphaltenes/ 

4 1 84. The condensable mixture of claim 4183, further comprising, oxygenated 
hydrocarbons, wherein less than about 15 % by weight of the condensable mixture 
comprises oxygenated hydrocarbons; 

4185. The/mixture of claim 4171, further comprising a condensable mixture, 
comprising: 
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olefins, wherein about 0. 1 % by weight to about 2 % by weight 91 the 
condensable mixture comprises olefins; and 

multi-ring aromatics, wherein less than about 2 % by weighj/of the condensable 
mixture comprises multi-ring aromatics with more than two rings/ 

4 1 86. The condensable mixture of claim 4 1 84. further comprising oxygenated 
hydrocarbons, wherein greater than about 25 % by weight/f the condensable mixture 
comprises oxygenated hydrocarbons. 

4187. The mixture of claim 4171, further comprisiri£ 
non-condensable hydrocarbons, wherejiraie non-condensabj^hydrocarbons 

comprise H 2 , wherein greater than aboup^ 0 yby weight of the n^condensable 
hydrocarbons comprises H2; 

ammonia, wherein gre^r than aj&ut 0.5 % by weight j/f the mixture comprises 
ammonia; and 

hydrocarbons, wherein a weight ratio of hydrp£arbo/is having greater than about 2 
carbon atoms, to methane, is greater than about (L 



4188. A mixture produced ^rom a portiop^of a hydrocarbon containing formation, the 
mixture, comprising 

non-conden^bl/hydroczjj#bns comprising hydrocarbons having carbon numbers 
of less than 5; and 

wherein a weight ratio of the hydrocarbons hkving carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 

4 1 89. The mixture of claim 41 75, further comprising condensable hydrocarbons, 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



41907 The mixture of claim 4175, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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wherein less than about 1 % by weight, when calculated on 
condensable hydrocarbons is nitrogen. / 



atomic basis, of the 



4192. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

4193. The mixture of claim 4175, furthero^mprisinfg (Condensable hydrocarbons, 
wherein about 5 % by weight to about30/% by weignx of the condensable hydrocarbons 
comprise oxygen containing c9Hlpoun^s, and w^e^in the oxygen containing compounds 
comprise phenols. 



4194. The mixture'of claim 41/5, further conrorising condensable hydrocarbons, 
wherein less tharr about 1 % by weigljt; when ^calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur 



4195. The mixture of daim4 1 75 , further 
wherein greate^than/bjw 20 % by weight 
compounds. 



comprising condensable hydrocarbons, 
of the condensable hydrocarbons are aromatic 



4196. The mixture of claim 4175, further c omprising condensable hydrocarbons, 
wherein less/man about 5 % by weight of the condensable hydrocarbons comprises multi- 



ring aromatics with more than two rings. 



\ 



4197. /The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less 
asnnaltenes. 



wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
jna 



873 



Conley, Rose & Tayon. P C. 



4198. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by weight/Sf the condensable hydrocarbons 
comprise cycloalkanes. 

4199. The mixture of claim 4175, wherein the non-condensable hydrocarbons further 
comprises hydrogen, wherein the hydrogen is^vta.^vJ^aii^o^^ % by volume of the 
non-condensable hydrocarbons, and whereii/ th^hydrogen i^/I^BS than about 80 % by 
volume of the non-condensable hydrocarbons. 

4200. The mixture of claim 4175^ furaier comprising amrhonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4201 . The mixture of/claim 417^, further 9omprising/immonia, wherein the ammonia is 
used to produce fertilizer. 

4202. The mixture of claimAl7S/further comprising condensable hydrocarbons, 
wherein less than aisout 15 weight % of the condensable hydrocarbons have a carbon 
number greater than approximately 25. 

4203. The mixture ofyclaim 4175, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise olefins, and wherein about 0.1 % to 
about 5 % by weight of the condensable hydrocarbons comprises olefins. 

4204. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and wherein about 0.1 % to 
about 2.5 % by weight of the condensable hydrocarbons comprises olefins. 



4205. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and wherein 
greater than/about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 



874 



Conley, Rose & Tayon. P.C, 



4206. The mixture of claim 4175, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and/wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 

4207. The mixture of claim 4175, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydroc^frbons comprises H2. 

10 4208. The mixture of claim 4175, where )4.&^weight ratii) of hydrocarbons having greater 
than about 2 carbon atoms, to methane^/fs greater thap $out 0.3. 



U 15 



20 



25 



4209. A mixture producec^from ^portion of ^ny^rocarbon containing formation, the 
mixture comprising: 

non-conden^&ble hydr6carbons cj/mprisihg hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio ,of hydrocarbons having carbon numbers from 2 
through 4, to methane, i/greater than approximately 1 ; and 

condensable h/drocarb^ns comprising oxygenated hydrocarbons, wherein greater 
than aboutp % by y/eight cjfthe condensable component comprises oxygenated 
hydrocarbons. 

42 10. The mixture of claim 4209, wherein about 0. 1 % by weight to about 1 5 % by 



■1 



weight of the condensable hydrocarbons 



are olefins. 



\ 



421 IV The mixture of claim 4209, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



12 1 2. The mixture of claim 4209, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 
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4213. The mixture of claim 4209, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbon/is oxygen. 

4214. The mixture of claim 4209, wherein less than abotit 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrcfcarbons is sulfur. 

421 5. The mixture of claim 4209, wherein about/5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds j^mprise phenols. 

42 1 6. The mixture of claim 4209fwher^in greater/than about 20 % by weight of the 
condensable hydrocarbons c^re aromatic compounds. 

4217. The mixture of claim 420& wherein Ws than about 5 % by weight of the 
condensable hydrocarbons comprises/multi-ring aromatics with more than two rings. 

4218. The imxture of clajm 4209, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 



4219. Thi mixtuyofclaim 4209, wh 
weight of tn^con&ensable hydrocarbons 



■ein about 5 % by weight to about 30 % by 
are cycloalkanes. 



4220. The rnixture of claim 4209, wherein the non-condensable hydrocarbons comprises 
hydroge^Xvherein the hydrogen is great^rtiian about 10 % by volume of the noh- 
condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by volume 
of the/non-condensable hydrocarbons. 



422 1 . The mixture of claim 4209, wherein the produced mixture comprises ammonia, 
/and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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4222. The mixture of claim 4209, wherein the produced mixture o 
and wherein the ammonia is used to produce fertilizer. / 



prises ammonia. 



4223. The mixture of claim 4209, wherein less than about 5 weight % of the 
condensable hydrocarbons in the mixture have a carbon nurylber greater than 
approximately 25. 

4224. The mixture of claim 4209, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to aboup/5 %Jjy-\tfei^it of the condensable 
hydrocarbons comprises olefins. 

4225. The mixture of claim 4209, wherein ttfe condensable hydrocarbons further 
comprise olefins, and wherein aboytu. 1 %/to about 2.y% bp weight of the condensable 
hydrocarbons comprises olefin^ 

4226. The mixture of chum 4209, Wherein th£ non-condensable hydrocarbons further 
comprise H 2 , wherein greater than/about 5f/o by weigj/it of the mixture comprises H2. 

4227. The mixture of claim 4^209, vvherein the non/condensable hydrocarbons further 
comprise H2, wherein greater th^n about 15 % by weight of the mixture comprises 

4228. The mixture ofclaim 4209, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon yatoms, to methane, is greater than about 0.3. 

4229. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising: 

non/condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through^, to methane, is greater than approximately 1 ; 
condensable hydrocarbons; 
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wherein less than about 1 % by weight, when calculated on/an atomic basis, of the 
condensable hydrocarbons comprises nitrogen; 

wherein less than about 1 % by weight, when calculate^ on an atomic basis, of the 
condensable hydrocarbons comprises oxygen; and 

wherein less than about 1 % by weight, when calcinated on an atomic basis, of the 
condensable hydrocarbons comprises sulfur. 



10 



15 



H ; I 



20 



25 



4230. The mixture of claim 4229, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

423 1 . The mixture of claim 4229, wherein lessjth^Tabout o weight % of the 
condensable hydrocarbons have a carbory^unber greater thim approximately 25. * 

4232. The mixture of claim 4229, wherein the cond^nsaole hydrocarbons comprise 
olefins, and wherein abouJ/0.1 % by/veight to abpixl \ f% by weight of the condensable 
hydrocarbons are olefixfs. 

4233. The mixture of claim ^229, whe*4in a mol^r ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges frmn about 0.001 to about 0.15. 



4234. The mixture of/clainv4229, wherein abjc 
weight of the coVtengaWe hydrocarbons comprise 



>ut 5 % by weight to about 30 % by 
oxygen containing compounds, and 
wherein the oxygefi containing compounds cohiprise phenols. 



4235. The mixture of claim 4229, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4236. /the mixture of claim 4229, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4237. The mixture of claim 4229, wherein less than about 0.3 % 
condensable hydrocarbons are asphaltenes. / 



iy weight of the 



4238. The mixture of claim 4229, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes^ 

4239. The mixture of claim 4229, wherein the nonVondensable hydrocarbons comprises 
hydrogen, and wherein the hydrogen is greater thafi about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

4240. The mixture of claim 4229, furthe^c<5mprising ammonia, and wherein greater 
than about 0.05 % by weight of the prdduced mixture is^nmonia. 

424 1 . The mixture of clajm 4229, Jurther compi^sir^g ammonia, and wherein the 
ammonia is used to proauce fertilizer. 



4242. The mixture of claim/4229, wherein the/condensable hydrocarbons comprises 
oxygenated hydtfocarbonsyand wherein greater than about 5 % by weight of the 
condensable ccmponent/omprises/Oxygenated hydrocarbons. 



4243. The mfixture/Of claim 4229, wherei: 
H2, and wherein greater th^n about 5 % by 
comprises H2 



the non-condensable hydrocarbons comprise 
weight of the non-condensable hydrocarbons 



4244. The/mixture of claim 4229, wherein thelion-condensable hydrocarbons comprise 
H2, and wnerein greater than about 15 % by weight of the mixture comprises H2. 



4245/ The mixture of claim 4229, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater, than about 0.3. 
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4246. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 

ammonia, wherein greater than about 0.5 % by/veight of the mixture comprises 
ammonia; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
than about 5 % by weight of the condensable jjyj^rocarbops comprises oxygenated 
hydrocarbons. 

4247. The mixture of claim 4246, whereki the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1/% by w^ightyto about 15 % by weight of the 
condensable hydrocarbons are olefins/ 



4248. The mixture of claim 424-p, wherein the non-condensable hydrocarbons further 
comprise ethene/and ethane, ana wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rangesarom about 6.001 to about 0.15. 



4249. Themibctureof 
comprise nitroge 



4246, wherein 



atomic basis, of the^condensable hydrocarbt 



he condensable hydrocarbons further 



wherein less than about 1 % by weight, when calculated on an 



ls is nitrogen. 



4250. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



4251/ The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 
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4252. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by we/ght to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen contairrfng compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4253. The mixture of claim 4246, wherein the condensable'hydrocarbons further 
comprise aromatic compounds, and wherein greater than ^oout 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4254. The mixture of claim 4246, wherein the condenSaSIeliydrocarbons further 
comprise multi-aromatic rings, and whereiniesstnan about 5jVo by weight of the 
condensable hydrocarbons comprisesirfulti-rircg aromatic s/with more than two rings. 

4255. The mixture of claiip / 4246, wher^m the con^sable hydrocarbons further 
comprise asphaltenes, a#d wherein les^4han abojjx tyfh % by weight of the condensable 
hydrocarbons are asph&ltenes. 

4256. The mixture/of claim 42^6, wherein the Condensable hydrocarbons further 
comprise cycloalkahes, and wherein about 5 °/c/by weight to about 30 % by weight of the 
condensable hydrocarbons/^e ;ycloalkanes. 

4257. The mixture ofxlaim 4246, wherein the non-condensable hydrocarbons further 
comprise hydrogeny'wherein the hydrogen is greater than about 10 % by volume of the 
non-condensable ^ydrocarbons, and wherein t^hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 



4258. Th/ mixture of claim 4246, wherein the produced mixture further comprises 
ammoni^, and wherein greater than about 0.05 % by weight of the produced mixture is 
ammonia. 
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4259. The mixture of claim 4246, wherein the produced mixture fj/rther comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4260. The mixture of claim 4246, wherein the condensable hydrocarbons comprise 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons in the mixtur/have a carbon number greater 
than approximately 25. 

4261 . The mixture of claim 4246, wherein the non^ondensable hydrocarbons further 
comprise H2, and wherein greater than about 5 % Joy weight of the mixture comprises H2. 

4262. The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greater than aboyi 15 % by ^eight of the mixture comprises 
H->. 



4263. The mixture of claim 4246, wherein the/non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of greater than 2, wherein a weight ratio 
of hydrocarbons having carbon pfumber^/greater than/2, to methane, is greater than about 
0.3. 

4264. A mixture produc^ci fpefm a portion of a hydrocarbon containing formation, the 
mixture comprising: 

non-condensaEle hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1; and 

condensable hydrocarbons comprising olefins, wherein less than about 10 % by 
weight of the/condensable hydrocarbons compnses olefins. 



4265. The mixture of claim 4264, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4266. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, jvhen calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4267. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4268. The mixture of claim 4264, wherein th€^ :ofidensable hydrocarbons further 
comprise sulfur, and wherein less than#tx)ut 1 % by weight/JCvhen calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4269. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherejn about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



4270. The mixture of claim y 4264ywherein the condensable hydrocarbons further 
comprise aromatic compotmds/and wherein greater than about 20 % by weight of the 
condensable hydrocaH^reare aromatic compounds. 

4271 . The mixture^of claim 4264, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less tkan about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4272. Ther mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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4273. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 



4274. The mixture of claim 4264, wherein the non-condensable hydrocarbons further 
comprise hydrogen, and wherein the hydrogen is greater than about 10 % by volume of 
the non-condensable hydrocarbons and wherein the tyydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

4275. The mixture of claim 4264, wherein the/jjroduced\nixture further comprises 
ammonia, and wherein greater than aboytQ.Qp % by weigjjjt of the produced mixture is 
ammonia. 

4276. The mixture of clairef4264, whe/ein the pro^luofed mixture further comprises 
ammonia, and wherein the ammonia is used to Produce fertilizer. 



4277. The mixture of claim 426% wherein the condensable hydrocarbons further 
comprise hydrocarbons having ar carhem number of greater than approximately 25, and 
wherein less than about 15 yy^y^eight of the hydrocarbons have a carbon number 
greater than approxim&teb 



4278. The mixture of claim 4264, wherein abo 
condensable component comprises olefins. 



Lit 0,1 % to about 5 % by weight of the 



4279. The mixture of claim 4264, wherein about 0.1% to about 2 % by weight of the 
condensable component comprises olefins. 



4280. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 
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4281. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than aboy/25 % by weight of 
the condensable component comprises oxygenated hydrocarbons 

4282. The mixture of claim 4264, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greater than about 5 % by weight of the non-condensable 
hydrocarbons comprises H2. 

4283. The mixture of claim 4264, wherein the nopf-condensable hydrocarbons further 
comprise H2, and wherein greater than about 15 jo by weight of the non-condensable 
hydrocarbons comprises H2. 

4284. The mixture of claim 4264, whereij^arlveight ratiA of hydrocarbons having greater 
than about 2 carbon atoms, to methapef i^ greater than apout 0.3. 

4285. A mixture produce^from a portion of a hydrocarbon containing formation, 
comprising: 

condensable hydrocarbon's, wherein/ess thin about 15 weight % of the 
condensable hydrocarbons have a carbop numbei/greater than 25; and 



wherein the 
wherein greater th; 
oxygenated hydroca^ 



condensable hydrocarbons comprise oxygenated hydrocarbons, and 
abonf 5 % by weight of the condensable hydrocarbons comprises 



4286. The mixture/of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of les/than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1. 



4287. Tne mixture of claim 4285, wherein the condensable hydrocarbons further 
compnse olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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4288. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

4289. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 %my weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is /litrogen. 

4290. The mixture of claim 4285, wherein tty6 cojxdensablfe hydrocarbons further 
comprise oxygen, and wherein less than ab^&f 1 % by weight, when calculated on an 
atomic basis, of the condensable hycjrtfcaipons is oxygej 

4291 . The mixture of clainf 4285, wKerein the confleAsable hydrocarbons further 
comprise sulfur, and wh6rein less thkn about 1 % by/weight, when calculated on an 
atomic basis, of the condensable hydrocarbarfs is sulfur. 



4292. The mixtur£ of claim 4285, wherein the cfondensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensahleJiyarocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4293. The mixture of claim 4285, wherein thelcondensable hydrocarbons further 



comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4294. The mixture of claim 4285, wherein the condensable hydrocarbons further 
compri/e multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4295. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 



4296. The mixture of claim 4285, wherein the condensabl^ hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weigh/to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4297. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons compriseli^rogto, and wherein the 
hydrogen is greater than about 10 % by vohirry of the non-condensable hydrocarbons and 
wherein the hydrogen is less than aboyfSO °//by volume of tl/e non-condensable 
hydrocarbons. 

4298. The mixture of claim 4285, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture i^ammonia. 



4299. The mixture of claim 4280, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 



4300. The mixture bf clatfn 4JJ8S, wherein the condensable 
comprises olefins, and wherein less than about 10 % 
hydrocarbons comprises olefins 



hydrocarbons further 
by weight of the condensable 



4301 . The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises olefins, and wherein about 0. 1 % to about 5 % by weight of the condensable 
hydrocarbons/omprises olefins. 



4302. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises olefins, and wherein about 0. 1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 
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4303. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises oxygenated hydrocarbons, and wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises the oxygenated hydrocarbon. 

4304. The mixture of claim 4285, further comprising nor^condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise W, wherein greater than about 5 % 
by weight of the non-condensable hydrocarbons comtmses H2. 



4305. The mixture of claim 4285, further compr^s^ hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 15 
% by weight of the non-condensable hydj^afbons comprises Ym 



4306. The mixture of claim 4285, wherein a weight ratip of hydrocarbons having greater 
than about 2 carbon atoms/to methane/ is greater than^bout 0.3. 



4307. A mixture produced from ^ portion of^aiiydroc^rbon containing formation, 
comprising: 

condensable hydrocarbons, wh^fein less thaiy about 15 % by weight of the 
condensable hydrocarbons llave a am*bon number greater than about 25; 

wherein less thaiyabmin % by weight of thje condensable hydrocarbons, when 
calculated on an atonfijcSasis, is nitrogen; 

wherein lessihan about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is oxygen; and ^ 

wherein/less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on/an atomic basis, is sulfur. 



4308. I/he mixture of claim 4307, further comprising non-condensable hydrocarbons, 
whereifi the non-condensable component comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 
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4309. The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15/% by weight of the 
condensable hydrocarbons are olefins. / 



4310. The mixture of claim 4307, further comprising non/condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non^ondensable hydrocarbons 
ranges from about 0.001 to about 0. 15. 

43 1 1 . The mixture of claim 4307, wherein the c^tidefisaWg hydrocarbons further 
comprise oxygen containing compound^vfier^in about 5JVo by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing^mpounc^omprise^ienols. 

43 12. The mixture ofclaim 4307, wherein the^onaensable hydrocarbons further 
comprise aromatic ct/mpounds, and/wherem greater than about 20 % by weight of the 
condensable hydrocarbons are arpmatic/compounds. 



43 13. The mixture of claim/4307, wherein the condensable hydrocarbons further 



comprise multi-ring aroma^s, and wherein 



'ess than about 5 % by weight of the 



condensable hydrocarbons comprises multi-]ing aromatics with more than two rings. 

43 14. The mixture of claim 4307, wherein tne condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons /are asphaltenes. 



43 1 5. TJtfe mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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43 16. The mixture of claim 4307, further comprising non-condensahie hydrocarbons, 
and wherein the non-condensable hydrocarbons comprise hydrogen/ and wherein greater 
than about 10 % by volume and less than about 80 % by volume pi the non-condensable 
component comprises hydrogen. 

43 1 7. The mixture of claim 4307, further comprising am^nonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is/^mmoma. 

4318. The mixture of claim 4307, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

43 1 9. The mixture of claim 4307, wherein rfie condensable cop^nent further 
comprises olefins, and wherein ahow 0.1 % to about 5 % bv/w^ignt of the condensable 
component comprises olefins 

4320. The mixture ofclaim 4307,/wherein the copcaensable component further 
comprises olefins, and wherein ^oout 0.1 % to ^out if. 5 % by weight of the condensable 
component comp/ises olefins. 



4321. The mi 
comprise oxyg 



;ture of claim 4307, wherein the condensable hydrocarbons further 
inated hydrocarbons, and wherein greater than about 5 % by weight of the 



condensable hydrocarbons comprises oxygenated hydrocarbons. 



4322. The mixture of claim 4307, further coir prising non-condensable hydrocarbons, 



wherein the non-condensable hydrocarbons co 



prise H2, and wherein greater than about 



5 % by weight of the non-condensable hydrocarbons comprises H2. 



4323. /The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15/% by weight of the non-condensable hydrocarbons comprises H2. 



890 



Conley, Rose & Tayon, P C. 



4324. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
wherein a weight ratio of compounds within the non-condensable hydrocarbons having 
greater than about 2 carbon atoms, to methane, is greater than apout 0.3. 



4325. A mixture produced from a portion of a hydrocarbcjn containing formation, 
comprising: 

condensable hydrocarbons, wherein less than afcout 15 % by weight of the 
condensable hydrocarbons have a carbon number greater than 20; and 

wherein the condensable hydrocarbprlscomprise olefins, wherein an olefin 
content of the condensable componejitfs less tpn about 10 °/j/py weight of the 
condensable component. 

4326. The mixture of claim 4325, further compristfig noA-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein/a weighr ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, i/greater th^n approximately 1. 

4327. The mixtur^ of claim fil^o, wherein the condensable hydrocarbons further 
comprise olefins, and^whe^n about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4328. The mixture jof claim 4325, further comprising non-condensable hydrocarbons, 
and wherein a motar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 

4329. The/mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic pasis, of the condensable hydrocarbons is nitrogen. 
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4330. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, wheri calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. / 



4331. The mixture of claim 4325, wherein the condensable /hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



4332. The mixture of claim 4325, wherein the condensable hydrocarbons, wherein about 
5 % by weight to about 30 % by weight of the coraens^bteltydibcarbons comprise 
oxygen containing compounds, and wherein th^^cygen cont^inipg compounds comprise 
phenols. 



4333. The mixture of claim 43^, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater tfyan about 20 % by weight of the 
condensable hydrocarbons are aromattic compounds/ 

4334. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise multi-ring) aromatics; and wherein less man about 5 % by weight of the 



condensable hydrocarbons CDmpj^es multi-ring 



aromatics with more than two rings. 



4335. The mixture of daim 4325, wherein the condensable hydrocarbons further 
comprise asphaltenes/ and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aiphaltenes. 



4336. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise cyc/oalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensabl/ hydrocarbons are cycloalkanes. 



4337. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
whereiid the non-condensable hydrocarbons comprises hydrogen, and wherein the 



892 



Conley, Rose & Tayon. P C. 



hydrogen is about 10 % by volume to about 80 % by volume of the/non-condensable 
hydrocarbons. 

4338. The mixture of claim 4325, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4339. The mixture of claim 4325, further comprisii^g ammonia, and wherein the 
ammonia is used to produce fertilizer. 



4340. The mixture of claim 4325, wherein abptffO.l % to ^bout 5 % by weight of the 
condensable component comprises olefk 

4341 . The mixture of claim 4325, wherein about 0. 1 % about 2 % by weight of the 
condensable component comprises olefins. 



4342. The mixture/of claim 4325; wherein the condensable component further 
comprises oxyge/ated hydrocarbons, and wherein greater than about 1.5 % by weight of 
the condensable component comprises ox^genateg hydrocarbons. 

4343. The mipcture of clgim 4325/wherein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable\ompojieTlt comprises oxygenated hydrocarbons. 



4344. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non^condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 



4345. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein/the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % t/y weight of the non-condensable hydrocarbons comprises H2. 
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4346. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 



10 



4347. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: 

condensable hydrocarbons, wherein less than^about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; and 

wherein the condensable hydrocarbops/Further comprisjb aromatic compounds, 
wherein more than about 20 % by weight of/he condensabley^ydrocarbons comprises 
aromatic compounds. 



w 
ly 



n 20 



4348. The mixture of clahn 4347, furtner comprising non-condensable hydrocarbons, 
wherein the non-conden/able hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5/ and wherein a weight^atio/of hydrocarbons having carbon 
numbers from 2 through 4, to memane, is/greater/than approximately 1 . 

4349. The mixture o reclaim A347\ wherein the/condensable hydrocarbons further 
comprise olefins, and wheSin about 0.1 % by jveight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



4350. The mixture or claim 4347, further comprising non-condensable hydrocarbons, 
25 wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.00 lAo about 0.15. 



435 1 . The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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4352. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, wheta calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. / 



4353. The mixture of claim 4347, wherein the condensable4iydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur/ 

4354. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, whereir/about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds c^mpris^ph^nols. 

4355. The mixture of claim 4347, wfierem the condensable hydrocarbons further 
comprise multi-ring aromatics, afid whefrein less thap^about 5 % by weight of the 
condensable hydrocarbons comprises/multi-ring afrom^iics with more than two rings. 



4356. The mixture of claim 4347, whereipf the condensable hydrocarbons further 
comprise asphaltenes, and wherein les^man abput 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes/ 

4357. The mixture of claim 4347, wherein tlJe condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weigh\to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4358. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the nonjcondensable hydrocarbons comprise hydrogen, and wherein the 
hydrogen is greater than about 10 % by volume and less than about 80 % by volume of 
the non-condensable hydrocarbons. 
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4359. The mixture of claim 4347, further comprising ammonia, anc^/wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4360. The mixture of claim 4347, further comprising ammoiya, and wherein the 
ammonia is used to produce fertilizer. 

4361 . The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0. 1 % to about 5 f/o by weight of the condensable 
hydrocarbons comprises olefins. 

4362. The mixture of claim 4347, wherein theiondensable hydrocarbons further 
comprises olefins, and wherein about 0.1 % tp about 2 % bjMy^ight of the condensable 
hydrocarbons comprises olefins. 

4363. The mixture of claim 4347, wKgrein the condensa&te hydrocarbons further 
comprises multi-ring aromatic cdmp^unds, and whereih/fess than about 2 % by weight of 
the condensable hydrocarbons con4>rises multi-ring aromatic compounds. 



4364. The mixture of claim 4^347, wherejn the condensable hydrocarbons comprises 
oxygenated hydrocarbons, atnd whereiKfgreater than about 1.5 % by weight of the 



condensable hydrocarbons comprises oxygenated 



lydrocarbons. 



4365. The mixture^ claim 4347, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 25 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 



4366. Theonixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by/weight of the non-condensable hydrocarbons comprises H2. 
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4367. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein/greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H/ 



4368. The mixture of claim 4347, further comprising non-conaensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 



4369. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: 

non-condensable hydrocarbons compris&giiydrocarbonslhaving carbon numbers 
of less than about 5, wherein a weight ratioxy the hydrocarbons ^having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further Comprise H2, wherein greater 
than about 15 % by weight of>fne non-efondensable h^aro/arbons comprises H 2 ; and 
condensable hydrocarbons, comprising: 

oxygenated hydrocarbons, wherein greater than about 1 .5 % by weight of 
the condensable hydrocarbons comopises oxygenated hydrocarbons; 

olefins, whereiia less than^out 10 °/<{by weight of the condensable 
hydrocarbons comprise^ ole/ins; anc; 

aromatic cgtnpounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 



4370. The mixture/of claim 4369, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



4371 . The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise mtrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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4372. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen/ 



4373. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons i 

4374. The mixture of claim 4369, u4iereir/the condensable hydrocarbons further 
comprise oxygen containing corfipounds/ wherein about 5 % by weight to about 30 % by 
weight of the condensable^iydrocarbons comprise ^oxygen containing compounds, and 
wherein the oxygen containing confounds 9mnprise phenols. 



4375. The mixture of claim 42i69, wherein the condensable hydrocarbons comprise 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons /comprises multi-^ing aromatfcs with more than two rings. 

4376. The mixture oyrfaim 4369, wherein the condensable hydrocarbons comprise 
asphaltenes, and wherein less than about 0\3 % by weight of the condensable 
hydrocarbons are/asphaltenes. 



4377. The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
cycloalkanps, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4378/ The mixture of claim 4369, wherein the non-condensable hydrocarbons further 
comprises hydrogen, and wherein greater than about 10 % by volume and less than about 
8(/ % by volume of the non-condensable hydrocarbons. 
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4379. The mixture of claim 4369, further comprising ammonia, and wtierein greater 
than about 0.05 % by weight of the produced mixture is ammonia. / 



4380. The mixture of claim 4369, further comprising ammonia^d wherein the 
ammonia is used to produce fertilizer. 

438 1 . The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, 
wherein less than about 15 % by weight of the hydrqc^Defts4iaye a carbon number 
greater than approximately 25. 

4382. The mixture of claim 4369fwherein aboi/o.l % to abouty^ % by weight of the 
condensable hydrocarbons comprises olefins. 

4383 . The mixture of/61aim 4369, wherein about 0. 1 %/o jboul 2 % by weight of the 
condensable hydrocarbons comprises olefins. 



4384. The mixture of claim 4369, wherein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxyjgenated hydrocarbons. 

4385. The mixture of^iaim-^59, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon/atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater thW about 0.3. 



4386. A mixture pro/iuced from a portion of a hydrocarbon containing formation, 
comprising: 

condensabfe hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; 

wher/in the condensable hydrocarbons further comprise: 
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oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weignt of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater thach about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising!^, wherein greater than about 15 % 
by weight of the non-condensable hydrocarbons Comprises H2. 

4387. The mixture of claim 4386, whereinihf non-contiensable hydrocarbons further 
comprises hydrocarbons having cartatfnumbers of less than 5, and wherein a weight 
ratio of hydrocarbons having capbon numbers from ^j^rough 4, to methane, is greater 
than approximately 1 . 



4388. The mixture of claim 4386; wherein th/non-condensable hydrocarbons comprise 
ethene and ethane, and wherein A molar rati/ of eihene to ethane in the non-condensable 
hydrocarbons ranges from abcmt 0.001 tc^about p. 15. 



4389. The mixtur^ of cl^lm 4386/wherein the 
comprise nitrogen, aiM^kherein less than about 
atomic basis, of the condensable hydrocarbons 



condensable hydrocarbons further 
1 % by weight, when calculated on an 
is nitrogen. 



4390. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis,>of the condensable hydrocarbons is oxygen. 



4391 . Tlie mixture of claim 4386, wherein the condensable hydrocarbons further 
compri/e sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 
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4392. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4393. The mixture of claim 4386, wherein the condensable/hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4394. The mixture of claim 4386, wherein the cone 
comprise asphaltenes, and wherein less than ^ibou/0.3 % 
hydrocarbons are asphaltenes. 



i hydrocarbons further 
weight of the condensable 



4395. The mixture of claim 4186, wherein/he corid£nsable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weighyto ^about 30 % by weight of the 
condensable hydrocarbons'are cycloalkanes. 



4396. The mixture of claim 4386, wherein gre 



than about 80 % by vo 



ter than about 10 % by volume and less 
ume of the/nojf-conden^able hydrocarbons is hydrogen. 



4397. The mixture of aainH386 ? further conjpnsin 
than about 0.05 % by weighf of the produced 



ising ammonia, and wherein greater 
Mixture is ammonia. 



4398. The mixture of claim 4386, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4399. The mixture of claim 4386, wherein about 0. 1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 



4400. The/mixture of claim 4386, wherein about 0. 1 % to about 2 % by weight of the 
condensable hydrocarbons comprises olefins. 
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4401 . The mixture of claim 4386, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 15 %/by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4402. The mixture of claim 4386, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

4403. A condensable mixture produced from zyportiprfof a hydrocarbon containing 
formation, comprising: 

olefins, wherein about 0.1 % by^ej^ht to about 15 %J$y weight of the 
condensable mixture comprises olpfins; 

oxygenated hydrocarbons, wherein less than ah^ut/15 % by weight of the 
condensable mixture compnses oxygenated hydro^bop; and 

asphaltenes, wherein less t^an about 0.1/% by yveight of the condensable mixture 
comprises asphaltenes. 



20 



25 



4404. The mixture of claimf 4403, wherein the condensable mixture further comprises 
hydrocarbons having a can?on mtmber of greater than approximately 25, and wherein less 



than about 15 weigm^jgf-dle hydrocarbons in the 
than approximately 



mixture have a carbon number greater 



4405. The mixture of claim 4403, wherein about 0.1 % by weight to about 5 % by 
weight of the Condensable mixture comprises olefins. 



4406. The mixture of claim 4403, wherein the condensable mixture further comprises 
non-conflensable hydrocarbons, wherein the non-condensable hydrocarbons comprise 
ethen/ and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 
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4407. The mixture of claim 4403, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable mixture is nitrogen. 

4408. The mixture of claim 4403, wherein the condensable? mixture further comprises 
oxygen, and wherein less than about 1 % by weight, wh^n calculated on an atomic basis, 
of the condensable mixture is oxygen. 

4409. The mixture of claim 4403, wherein the cp^dejisaH^nTkture further comprises 
sulfur, and wherein less than about 1 % by w^ignCwhen calculated on an atomic basis, of 
the condensable mixture is sulfur. 

4410. The mixture of clainyl403, wherein the condensah^mixture further comprises 
oxygen containing compounds, wherein about 5 % by wight to about 30 % by weight of 
the condensable mixture comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols 



441 1. The mixture of claim 4403, wherein the condensable mixture further comprises 
aromatic compounds^ and \ynerein gj^ter than aboujt 20 % by weight of the condensable 
mixture are aromatic comfjounas. 

4412. The mixture of claim 4403, wherein the condensable mixture further comprises 
multi-ring aromatios, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



4413. The mixture of claim 4403, wherein the condensable mixture further comprises 
cycloalkan^s, and wherein about 5 % by weight to about 30 % by weight of the 
condensable mixture are cycloalkanes. 



4414/ The mixture of claim 4403, wherein the condensable mixture comprises non- 
conaensable hydrocarbons, and wherein the non-condensable hydrocarbons comprise 
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hydrogen, and wherein the hydrogen is greater than about 10 % by/volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less thanf about 80 % by volume 
of the non-condensable hydrocarbons. / 



4415. The mixture of claim 4403, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4416. The mixture of claim 4403, further comprj^n^amn^nia, and wherein the 
ammonia is used to produce fertilizer. 

4417. The mixture of claim 4403, whereir/about 0. 1 % b^weight to about 2 % by 
weight of the condensable mixture comprises olefins. 



4418. A condensable'mixture produced from a port^op of a hydrocarbon containing 
formation, comprising: 

olefins, wherein about 01 % by weight^ abqfut 2 % by weight of the 
condensable mixture comprises olefins; 

multi-ring aromatics/ wherein less^han about 12 % by weight of the condensable 
mixture comprises multi-ring aromaUes with more than two rings; and 

oxygenated hyd^oc^bpn^wherein greater than about 25 % by weight of the 
condensable mixture/comprises oxygenated hydrocarbor 



4419. The mixture of claim 4418, further comprising hydrocarbons having a carbon 
number of greater than approximately 25, wherein less than about 5 weight % of the 
hydrocarbons in the mixture have a carbon number greater than approximately 25. 



4420. The mixture of claim 4418, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is nitrogen. 
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4421. The mixture of claim 4418 } wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. / 



4422. The mixture of claim 4418, wherein the condensable mixture further comprises 
sulfur, and wherein less than about 1 % by weight, whep calculated on an atomic basis, of 
the condensable hydrocarbons is sulfur. 



4423. The mixture of claim 4418, wherein the cpftiierfsable mikture further comprises 
oxygen containing compounds, wherein abou^-5/Vo by weight to about 30 % by weight of 
the condensable hydrocarbons comprise^ygien containing^ompounds, and wherein the 
oxygen containing compounds concise phenols. 

4424. The mixture of clairr/44 1 8, wherein the con 
aromatic compounds, and/wherein greater than aty 
mixture are aromatic compounds. 

4425. The mixture of claim 441/8, wherei^ the cond 
condensable hydrocarbons, and wherein less than about 
condensable hydrocarbon^aELastrtialtenes. 




mixture further comprises 
% by weight of the condensable 



nsable mixture further comprises 
0.3 % by weight of the 



4426. The mixture of cislim 4418, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about J&^b^jvveight of the 
condensable hydrocarbons are cycloalkanes. 

4427. The mixture of claim 4418, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



4428. Themiixture of claim 4418, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. 
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4429. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: 

non-condensable hydrocarbons and H2, wherein greater/than about 10% by 
volume of the non-condensable hydrocarbons and H2 comprises H2; 

ammonia and water, wherein greater than about 0.5/% by weight of the mixture 
comprises ammonia; and 

condensable hydrocarbons. 

4430. The mixture of claim 4429, wherein the noii-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers £>f less-tharNS, and wherein a weight ratio 
of the hydrocarbons having carbon numbers Jjpum 2 through f to methane, in the mixture 
is greater than approximately 1 . 

443 1 . The mixture of claim 4429, wherein greater th^i about 0. 1 % by weight of the 
condensable hydrocarbon^re olefins; and whereij/l/ss than about 15 % by weight of the 
condensable hydrocarbons are olefins. 



4432. The mixture of claim 4429, wherein the non-condensable hydrocarbons further 
comprise ethene aid ethanes/wherein a^molar ratJo of ethene to ethane in the non- 
condensable hydrocarbons' is greater than about 0.001, and wherein a molar ratio of 
ethene to ethane in m^r^n^olKlensable hydrocarbons is less than about 0.15. 

4433. The mixtwyof claim 4429, wherein less man about 1 % by weight, when 
calculated on an atomic basis, of the condensable Hydrocarbons is nitrogen. 



4434. The mixture of claim 4429, wherein less than about 1 % by weight, when 
calculated 6n an atomic basis, of the condensable hydrocarbons is oxygen. 



4435. /The mixture of claim 4429, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 
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4436. The mixture of claim 4429, wherein about 5 % by weight to aboiat 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing ^compounds,, and 
wherein the oxygen containing compounds comprise phenols. / 



4437. The mixture of claim 4429, wherein greater than about JO % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4438. The mixture of claim 4429, wherein less than aboj/t 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4439. The mixture of claim 4429, wherein jj^s th^n about 0.3 °/yby weight of the 
condensable hydrocarbons are asphalten^. 

4440. The mixture of claim 4429( wherein afe(out 5 % bj^^ight to about 30 % by 
weight of the condensable hydrocarbons arexycloaik 



than about 80 % by volume of 



4441. The mixture of claim 4429, whe/ein the H/is 
the non-condensable hydrqcarbons ana H2. 




4442. The mixture of claim 4429( wherejn the condensable hydrocarbons further 
comprise sulfur containin^ompound^ 



4443. The mixture of claiir/4429, wherein the ammonia is used to produce fertilizer. 

4444. The mixture of claim 4429, wherein less than about 5% of the condensable 
hydrocarbons have caroon numbers greater than 25. 



4445. The mixture of claim 4429, wherein the condensable hydrocarbons comprise 
olefins, whereinr greater than about about 0.001 % by weight of the condensable 
hydrocarbons/comprise olefins, and wherein less than about 15% by weight of the 
condensabl&hydrocarbons comprise olefins. 
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4446. The mixture of claim 4429, wherein the condensable hydrocarbons comprise 
olefins, wherein greater than about about 0.001 % by weight of me condensable 
hydrocarbons comprise olefins, and wherein less than about 1^0% by weight of the 
condensable hydrocarbons comprise olefins. 

4447. The mixture of claim 4429, wherein the condensable hydrocarbons comprise 
oxygenated hydrocarbons, and wherein greater than about Ip-S^by weight of the 
condensable hydrocarbons comprises oxygenated h#jirt)carbonsv 

4448. The mixture of claim 4429, wherein the/condensable l^rocarbons further 
comprise nitrogen containing compotmds. 

4449. A method of treating aXydrocarboA containing f&rrfiation in situ comprising 
providing heat from three o/more heat sources to aticast a portion of the formation, * 



wherein three or more of the heat sources are located in t 
sources, and wherein the unit of heat/sources comprises 



4450. The method of claim 4449, wherein three or mon 
in the formation in a plural rty-^tKe units, and wherein t 



e formation in a unit of heat 
triangular pattern. 

of the heat sources are located 
[e plurality of units are repeated 



over an area of the formati^ form a repetitive pattern chunks. 

445 1 . The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, and wherein a ratio of heat 
sources in the repetitive pattern of units to production wells in the repetitive pattern is 
less than approximately 5. 



4452. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area or the formation to form a repetitive pattern of units, wherein three or more 
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production wells are located within an area defined by the plurality of units, /wherein the 
three or more production wells are located in the formation in a unit of production wells, 
and wherein the unit of production wells comprises a triangular pattern. / 



4453. The method of claim 4449, wherein three or more of the heap sources are located 
in the formation in a plurality of the units, wherein the plurality o^units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
injection wells are located within an area defined by the plurality of units, wherein the 
three or more injection wells are located in the formation m a unit of injection wells, and 
wherein the unit of injection wells comprises a triangula/pattern. 



4454. The method of claim 4449, wherein three^more of t$e heat sources are located 
in the formation in a plurality of the units^vmereiA the plurality of units are repeated over 
an area of the formation to form a r^pfetitive pattern of units^wherein three or more 
production wells and three or more injection/wells are located within an area defined by 
the plurality of units, wherein the three or iriore produ^rfpn wells are located in the 
formation in a unit of production wells, Xvherein thermit of production wells comprises a 
first triangular pattern, wherein the thpee or more imection wells are located in the 
formation in a unit of injection wells, wherein the/unit of injection wells comprises a 



second triangular patfc 



than the second triangular patt 



rn, and wherein the first tmangular pattern is substantially different 



4455. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
monitoring wells axe located within an area defined by the plurality of units, wherein the 
three or more monitoring wells are located in the formation in a unit of monitoring wells, 
and wherein the unit of monitoring wells comprises a triangular pattern. 



4456. The method of claim 4449, wherein a production well is located in an area 
defined Joy the unit of heat sources. 
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4457. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a first unit and a second unit, wherein the first unit is adjacent to the 
second unit, and wherein the first unit is inverted with respect to the second unit. 



4458. The method of claim 4449, wherein a distance between each of the heat sources in 
the unit of heat sources varies by less than about 20 %. 

4459. The method of claim 4449, wherein a distance between^each of the heat sources in 
the unit of heat sources is approximately equal. 

4460. The method of claim 4449, wherein providing heat from three or more heat 
sources comprises substantially urprormly/providing^eat to at least the portion of the 
formation. 

4461 . The method ofi^laim 4449^hereip / fhe/heated portion comprises a substantially 
uniform temperature distributions 

4462. The method of claim 4449, wherein the heated portion comprises a substantially 
uniform temperature distnbjifion, and wherein a difference between a highest temperature 



in the heated portior 
about 200 °C, 



. a lowest temper; 



ture in the heated portion comprises less than 



4463. The mejmod of claim 4449, wherein a temperature at an outer lateral boundary of 
the triangula/ pattern and a temperature at a center of the triangular pattern are 
approximately equal. 



4464. / The method of claim 4449, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the triangular pattern increase 
substantially linearly after an initial period of time, and wherein the initial period of time 
Comprises less than approximately 3 months. 
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4465. The method of claim 4449, wherein a time required to increase an average 
temperature of the heated portion to a selected temperature witHthe triangular pattern of 
heat sources is substantially less than a time required to increase the average temperature 
of the heated portion to the selected temperature with a hexagonal pattern of heat sources, 
and wherein a space between each of the heat sources in/he triangular pattern is 
approximately equal to a space between each of the heat sources in the hexagonal pattern. 

4466. The method of claim 4449, wherein a tim^remKfedtbv increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time/required to increase a temperature 
at the coldest point within the heated ppnion to the fleeted temperature with a hexagonal 
pattern of heat sources, and wherci^a splice between each of the heat sources in the 
triangular pattern is approximately equal to a spslce between each of the heat sources in 
the hexagonal pattern. / I / / 

4467. The method of daim 4449, wherein a time required to increase a temperature at a 
coldest point within the heated/ponion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point! withinine heated portion to the selected temperature with a hexagonal 
pattern of heat soumesfand wherein a number of heat sources per unit area in the 
triangular pattern is ecmal to the number of heat sources per unit are in the hexagonal 
pattern of heat sources. / 

4468. The mertfod of claim 4449 j wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of he4t sources is substantially equal to a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern eff heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately 5 m greater than a space between each of the heat 
sources in the hexagonal pattern. 
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4469. The method of claim 4449, wherein providing heat from thre^or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from three 
or more of the heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein heat from three or more of the heat sources pyrolyz^s at least some hydrocarbons 
within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, hipfen average /heating rate of the 
formation, p B is formation bulk density, and \yne$ein the hewing rate is less than about 
10°C/day. 

4470. The method of claim 4449; wherein/three or more of the heat sources comprise 
electrical heaters. 

4471 . The method of claim 4449, wherein ttfree ormiore of the heat sources comprise 
surface burners. 

4472. The method of claim 4449, ynerein three pr more of the heat sources comprise 
flameless distributed cpmbustors/ 

4473. The method of claim 4449, wherein three| or more of the heat sources comprise 
natural distributed combustors. 

4474. The method ofixlaim 4449, further comprising: 

allowing the heat to /ransfer from three or more of the heat sources to a selected section 
of the formation such that heat from three or more of the heat sources pyrolyzes at least 
some hydrocarbons within the selected section of the formation; and 
producing a mixture of fluids from the formation. 
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4475. The method of claim 4474, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is enrolled as a function of 
pressure. 

4476. The method of claim 4474, further comprising controlling the heat such that an 
average heating rate of the selected section is less th^h about 1 .0° C per day during 
pyrolysis. 

4477. The method of claim 4474, wherein aWpAtfing the heat//o transfer from three or 
more of the heat sources to the selected seefion comprises / tmnsferring heat substantially 
by conduction. 

4478. The method of claim 4^74, wherein prov^fingiieat from three or more of the heat 
sources to at least the portion of the foimatiory'compnses heating the selected section 
such that a thermal condyctivity/of at leas)/a portio/ of the selected section is greater than 
about 0.5 W/m °C. 

4479. The method of clkj£nj!474 ) wherein the^roduced mixture comprises an API 
gravity of at least 25 c 



4480. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein about 0.1% by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. 



448 1 . The rnethod of claim 22, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4482. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when Calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 



4483. The method of claim 4474. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigl^i. when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

4484. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %^y weight/ when calculated on an atomic 
basis, of the condensable hydrocarbons is^^ulf 

4485. The method of claim 4474/Whereir/ the pro&u^ed mixture comprises condensable 
hydrocarbons, wherein about 5 fA by wejght to |roou/ 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing c^poi^ids, and wherein the oxygen 
containing compounds comprise phenols. 

4486. The method of claam 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein^great^r than about 2p % by weight of the condensable 
hydrocarbons are aromatic compounds. 



4487. The method of claim 4474, wherein the 
hydrocarbons, and wherein less than about 5 °A 



produced mixture comprises condensable 
by weight of the condensable 



hydrocarbons comprises multi-ring aromatics with more than two rings. 



4488. The metKod of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons,/and wherein less than about 0.1% by weight of the condensable 
hydrocarbons are asphaltenes. 
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4489. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 



4490. The method of claim 4474, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about/10 % by volume of the non-condensable 
component, and wherein the hydrogen is Jess than about 80 % by volume of the non- 
condensable component. 

449 L The method of claim 4474, wh/erein the^prbduced mixture comprises ammonia, 
and wherein greater than about 0.05 f/ojby weight oil the produced mixture is ammonia. 

4492. The method of claim 4474/ wherein the produced mixture comprises ammonia, 
and wherein the ammonia/is usea to produce fertilizer. 



4493. The method/of claim 4A74, further comprising controlling formation conditions to 
produce a mixture of hydrocpbon fluids and Ft, wherein a partial pressure of H2 within 
the mixture is greater than <pouj/2.0 bar apsolute. 

4494. The metnod of claim 4474, further comprising altering a pressure within the 
formation to inhi^prcyQuction of hydrqcarbons from the formation having carbon 
numbers greater than afcout 25. 



4495. The method/of claim 4474, furtner comprising controlling formation conditions 
by recirculating a portion of hydrogen f^om the mixture into the formation. 



4496. The method of claim 4474, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heatimg a portion of the section with heat from hydrogenation. 
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4497. The method of claim 4474, further comprising: 
producing hydrogen from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



10 



4498. The method of claim 4474, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

4499. The method of claim 4474 ? Avhej&in'aHowing the heat to transfer from three or 
more of the heat sources to the selpfted section oftfhe formation comprises substantially 
uniformly increasing a permeacbility of a majority of the selected section. 



15 



20 



25 



4500. The method ofclaim 4474, further comprising controlling the heat from three of 
more heat sources xo yield greater than aboiit 60 % by weight of condensable 
hydrocarbons, as measured by/the Fischer Assay. 



4501. The method of clairry4474< wherei l 
the mixture in a production/well; and wheirein 
the formation for each pro/h^etion well. 

4502. Th> 



producing the mixture comprises producing 
at least about 7 heat sources are disposed in 



method of cj£im 4474, further comprising providing heat from three or more 

iaW)n, 

sources are locafed in the formation in a unit ofhe 
sources comprises a triangular pattern. 



heat source^ to at least d portion of the formation, wherein three or more of the heat 

leat sources, and wherein the unit of heat 



30 



4503. The method/of claim 4474, further comprising providing heat from three or more 
heat sources to at lpst a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



V 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4504. A method for in situ production of sy/ithesis gas from a hydrocarbon containing 
formation, comprising: 

heating a section of the formation lb a temperature sufficient to allow synthesis 
gas generation, wherein a permeability of/the section is substantially uniform and greater 
than a permeability of an unheated section of the formation when the temperature 
sufficient to allow synthesis gas generation within the formation is achieved; 

providing a synthesis gas generating fluid to the section to generate synthesis gas; 

and 

removing synthesis gas fronv^he formatior 



4505. The method of claim / 4504, Avherein the' permeability of the section is greater than 
about 100 millidarcy wheri the temperature ^uffijcient to allow synthesis gas generation 
within the formation is achieved., 



temperature sufficient to allow synthesis 
C to approximately 1200 °C. 



4506. The method of claim 4504, wherein the 
gas generation ranges from approximately 400 



4507. The method of claim/4504, further comprising heating the section when providing 
the synthesis gas generating/ fluid to inhibit temperature decrease in the section due to 
synthesis gas generation. 



4508. The method of claim 4504, wherein heating the section comprises convecting an 
oxidizing fluid into a portion of the section, wherein the temperature within the section is 
above a temperature sufficient to support oxidation of carbon within the section with the 
oxidizing fluid, and reacting the oxidizing fluid with carbon in the section to generate 
heat within the sectior 



4509. The method of claim 4508, wherein the oxidizing fluid comprises air. 
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45 10. The method of claim 4509, wherein an amount/of the oxidizing fluid convected 
into the section is configured to inhibit formation of pxides of nitrogen by maintaining a 
reaction temperature below a temperature sufficient to produce oxides of nitrogen 
compounds. 



4511. The method of claim 4504, wherein he^jing-the section comprises diffusing an 

within the formation, oxidizing 



oxidizing fluid to reaction zones adjacenHo wellboi^s 
carbon within the reaction zone to s^nerataheat 



transferring the heat to the section. 



4512. The method of claim 4504, wherein heaXmg the section comprises heating the 
section by transfer of heat from one or more of/electrical heaters. 



b . a 



ru 



45 1 3. The method of claim 450^, w)*erein Heating the section to a temperature sufficient 
15 to allow synthesis gas generatioh and providing a synthesis gas generating fluid to the 

section comprises introducing^^team into trie section to heat the formation and to generate 
synthesis gas. 

45 14. The metferd^f c&im 4504, furthel* comprising controlling the heating of the 
20 section and provision of the synthesis gasl generating fluid to maintain a temperature 

within the section above the temperature sufficient to generate synthesis gas. 



25 



45 1 5. The method of claim 4504, further comprising: 

monitoring a composition of the produced synthesis gas; and 

controlling heating of the section and provision of the synthesis gas generating 

fluid to maintain the composition of the produced synthesis gas within a selected range. 



45 16. The method of claim 45 1 5, wherein the selected range comprises a ratio of H2 to 
CO of/4bout2:l. 



30 
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45 17. The method of claim 4504, wherein the synthe/is gas generating fluid comprises 
liquid water. / 



4518. The method of claim 4504, wherein the s/nthesis gas generating fluid comprises 
steam. 



45 19. The method of claim 4504, wherein/the synthesis^gas generating fluid comprises 
water and carbon dioxide, and wherein the carbprr^ioxide iaiibits production of carbon 
dioxide from carbon containing material/within the section^ 



4520. The method of claim 45 IX \yherein a portiotyof the carbon dioxide within the 
synthesis gas generating fluid' comprises carbon dioxide/removed from the formation. 



4521. The method of/claim 4504, wherein *he synthesis gas generating fluid comprises 
carbon dioxide, and wherein a/portion of^me carbo^ dioxide reacts with carbon in the 
formation to generale carbon monoxic 

4522. The method! of claim 4521, wherein a portion of the carbon dioxide within the 



synthesis gas general 



rid comprises carbon dioxide removed from the formation. 



4523. The method/of claim 4504, wherein providing the synthesis gas generating fluid 
to the section conjprises raising a water table of the formation to allow water to flow into 
the section. 



4524. The method of claim 4504, wherein the synthesis gas is removed from a producer 
well equipped with a heating source, and wherein a portion of the heating source adjacent 
to a synthesis gas producing zone operates at a substantially constant temperature to 
promote' production of the synthesis gas wherein the synthesis gas has a selected 
composition. 
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4525. The method of claim 4524, wherein the substantially constant temperature is 
about 700 °C, and wherein the selected composition has a H2 to CO ratio of about 2:1. 



4526. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and/wherein at least a 
portion of the hydrocarbons are subjected to a reaction within ^ne section to increase a H2 
concentration of the generated synthesis gas. 



. 4527. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the sectior/to inoreas^anVnergy content of the 
synthesis gas removed from the formation. 



4528. The method of claim 4504. further :omprisins4naintaining a pressure within the 
formation during synthesis gas geneparion/and pa^lpig produced synthesis gas through a 
turbine to generate electricity. 

4529. The method of claimy4504,/urtheycomprising generating electricity from the 
synthesis gas using a fuel cell. 

4530. The method of cla\m/4£04. further comprising generating electricity from the 
synthesis gas using a fuelefell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of ^ne separated carbpn dioxide within a spent section of the 
formation. 

453 1 . The method of claim 4504 ; further comprising using a portion of the synthesis gas 
as a combustion fuel to heat the formation. 



4532. The method of claim 4504, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 



920 



Conley, Rose & Tayon. P C. 



4533. The method of claim 4504, further com] 
produced synthesis gas to methanol. / 



ising converting at least a portion of the 



4534. The method of claim 4504, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4535. The method of claim 4504, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4536. The method of claim 4504,/further comprising providing heat from three or more 
heat sources to at least a portion of the^afmati^n, wherein three or more of the heat 
sources are located in the forma/ion in a unit ofjhe^t sources, and wherein the unit of heat 
sources comprises a triangu|af/pattern. 



4537. The method/of claim 4504, further comprising providing heat from three or more 
heat sources to ai least a portion of thyformation, wherein three or more of the heat 
sources are located in the formatio^i in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ana wherein a plurality of the units are repeated 
over an ^rea of the foymatioj/ :o form a Repetitive pattern of units. 

4538. |\ method of tr6ating a hydrocarbon containing formation in situ, comprising: 
roviding^ieat from one or mqre heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to substantially 
uniformly increase a permeability of the portion and to increase a temperature of the 
portion to a temperature sufficient to allow synthesis gas generation; 

prodding a synthesis gas generating fluid to at least the portion of the selected 
section, wHerein the synthesis gas generating fluid comprises carbon dioxide; 

obtaining a portion of the carbon dioxide of the synthesis gas generating fluid 
from the/formation; and 
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producing synthesis gas from the formation. 

4539. The method of claim 4538, wherein the temperature sufficient to allow synthesis 
gas generation is within a range frony about 400 °C to about 1200 °C. 



4540. The method of claim 4538, further comprising using a second portion of the 
separated carbon dioxide as a flooding agent to produce hydrocarbon bed methane from a 
hydrocarbon containing formatior 



4541. The method of clairn4M0, wherein the hydrocarbon containing formation is a 
deep hydrocarbon containing formation over 760, 



m below ground surface. 



4542. The method'of claim ^540, wherein/the hydrocarbon containing formation 
adsorbs some of/the carbon dioxide to sequester the carbon dioxide. 



4543. The method of claim 4538yfurther comprising using a second portion of the 
separated carbon dioxide as a flooding agent for enhanced oil recovery. 



4544. The method of claim 4538, wherein the synthesis gas generating fluid comprises 
water and hwrocarbonsnaving carbon numbers less than 5, and wherein at least a 
portion of the nydrocybons undergo a reaction within the selected section to increase a 
H2 concentration witmn the produced synthesis gas. 



4545. The methocyof claim 4538, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. 

4546. The method of claim 4538, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 
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4547. The method of claim 4538, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4548. The method of claim 4538, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated/carbon dioxide within a spent portion of the 
formation. 



O 



10 4549. The method of claim 4538rfurther comprising using a portion of the synthesis gas 
as a combustion fuel for heatifig me formation 

4550. The method or claim 43S38, further^omprising converting at least a portion of the 
produced synthesis gas to coi/densable^arocarbons using a Fischer-Tropsch synthesis 
15 process. 



455 1 . The fnethod of claim 45/8, fu: 
produced synthesis gas to methanol. 



ler comprising converting at least a portion of the 



20 4552. The\method oyf c\fim 4538, further comprising converting at least a portion of the 
produced syAthesisj^s to gasoline. 



25 



4553. The method of claim 4538, further comprising converting at least a portion of the 
synthesis gas to/methane using a catalytic methanation process. 

4554. The method of claim 4538, wherein a temperature of the one or more heat sources 
wellbore is/maintained at a temperature of less than approximately 700 °C to produce a 
synthesisygas having a ratio of to carbon monoxide of greater than about 2. 
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4555. The method of claim 4538, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H 2 to carbon monoxide of less than about 2. 

4556. The method of claim 4538, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H2 to carbon monoxiie of approximately 2. 



10 



4557. The method of claim 4538, wh^ein a heat source of the one or more of heat 
sources comprises an electrical hemer. 



4558. The method of claim 4538, wherein a hea/ source of the one or more heat sources 



comprises a natural distributor heater 



H 15 4559. The method of claim 4538.' wherein a neat source of the one or more heat sources 
rjl comprises a flameless distributor/comoustor (FDC) heater, and wherein fluids are 

'■ST? / I / I 

W produced from th^f wellbore of the /DC heatqr through a conduit positioned within the 

p wellbore. 

=p 20 4560. The methoq. of claim/4538, further comprising providing heat from three or more 
12 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

sources comprises a triangular pattern. 



25 



30 



4561 . The method of claim 4538, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises k triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4562. A method of in situ synthesis gas production, comprising: 
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providing heat from one or more flameless distributed combustor paters to at 
least a first portion of a carbon containing formation; 

allowing the heat to transfer from the one or more heaters to a/selected section of 
the formation such that the heat from the one or more heaters substantially uniformly 
increases a permeability of the selected section, and to raise a teiryperature of the selected 
section to a temperature sufficient to generate synthesis gas; 

introducing a synthesis gas producing fluid into the sefected section to generate 
synthesis gas; and 

removing synthesis gas from the formation. 

4563. The method of claim 4562, wherein the oneppnore heaters comprise at least two 
heaters, and wherein superposition of heat fmirfat Ljeast the two) heaters substantially 
uniformly increases a permeability of the^elected/sectiony^^ raises a temperature of the 
selected section to a temperature sufficient to generate syrythesis gas. 



4564. The method of claim/4562, further comprising producing the synthesis gas from 
the formation under pressure, and generating j^lectricity from the produced synthesis gas 
by passing the produced synthesis gas ^nrc^ugh a turb/ne. 

4565. The method of claim 4562,/prther comprising producing pyrolyzation products 
from the formation when raising^ne temperature pf the selected section to the 
temperature sufficient to^gett^ate synthesis gas./ 



4566. The method of claim 4562, further comprising separating a portion of carbon 
dioxide from the removed synthesis gas, and sjoring the carbon dioxide within a spent 
portion of the formation. 



4567. The method of claim 4562, further comprising storing carbon dioxide within a 
spent portion of the formation, wherein an amount of carbon dioxide stored within the 
spent portion/of the formation is equal to or greater than an amount of carbon dioxide 
within the removed synthesis gas. 



re^nc 
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4568. The method of claim 4562, further comprising separating a portion of H2 from the 
removed synthesis gas; and using a portion of the separated H2 as fuel fo/the one or more 
heaters. 

4569. The method of claim 4568, further comprising using a portion of exhaust products 
from one or more heaters as a portion of the synthesis gas producing fluid 

4570. The method of claim 4562, further comprising usjng a portion of the removed 
synthesis gas with a fuel cell to generate electricity. 

4571. The method of claim 4570, wherein the fi^J^ell produces steam, and wherein a 
portion of the steam is used as a portion of the^ynthesis gas^roducing fluid. 

4572. The method of claim 4570, Wnerein the fuel cell produces carbon dioxide, and 
wherein a portion of the carbon/aioxide/is introduced into the formation to react with 
carbon within the formationao produce carbon n^mox/de. 

4573. The method of^laim 4570, wherein the fuel/cell produces carbon dioxide, and 
storing an amount of/carbon dioxide within a spent/ portion of the formation equal or 



greater to an amount 



of the cfarbonydioxide produced by the fuel cell. 



4574. The method of claim 4562, further comprising using a portion of the removed 
synthesis gas as a feeja product for formation of hydrocarbons. 

4575. The method of claim 4562, wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5, and wherein the hydrocarbons crack 
within the fomiation to increase an amount of H2 within the generated synthesis gas. 



4576. Tne method of claim 4562, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the/mit of heat 
sources comprises a triangular pattern. 

4577. The method of claim 4562, further comprising providing heat frc/m three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality ofrthe units are repeated 
over an area of the formation to form a repetitive pattern of uniis. 



10 



H 15 



hi 

s 
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4578. A method of treating a hydrocarbon containing formation.comprising: 
heating a portion of the formation with one or r#pr£electric&l heaters to a 

temperature sufficient to pyrolyze hydrocarbons witmn the portic 
producing pyrolyzation fluid from thjrronration; 
separating a fuel cell feed streanrfrom the pyrolyzati6nyfluid; and 
directing the fuel cell feed s#eam to a/fiiel cell to/produce electricity; 

4579. The method of claim 4578, wherein the fuel cell is A molten carbonate fuel cell. 

4580. The method of claim 4578, wherein>tne fuel cell/is a solid oxide fuel cell. 



458 1 . The method of claim\w8 Jimher comprising 
electricity to power the electrical heaters. 



ising a portion of the produced 



4582. The method of claim 4578, wherein heating the.portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform' permeability within the portion. 



4583. The method of claim 4578, wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 5. 



30 
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4584. The method of claim 4578, wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 3. / 



4585. The method of claim 4578, further comprising hydrogenating the pyrolyzation 
fluid with a portion of H2 from the pyrolyzation fluid. 

4586. The method of claim 4578, wherein the hydrogenatiop is done in situ by directing 
the H2 into the formation. 

4587. The method of claim 4578, wherein the hydrog^pation is <jione in a surface unit. 

4588. The method of claim 4578, further pdmprj&ng directiifgtfiydrocarbon fluid having 
carbon numbers less than 5 adjacent to^at least c^ne of th^electrical heaters, cracking a 
portion of the hydrocarbons to ppefauce H2, apd prodding apportion of the hydrogen from 
the formation. 



4589. The method of claim 4588, further comprising directing an oxidizing fluid 
adjacent to at least the one of the elefctmfal heaters, oxidizing coke deposited on or near 
the at least one of the electrical h^af^rs with the oxidizing fluid. 



4590. The method of clainy4578, further comprising storing CO2 from the fuel cell 
within the formation. 

4591. The method ofclaim 4590, wherein the CO2 is adsorbed to carbon material within 
a spent portion of the formation. 

4592. The metnod of claim 4578, further comprising cooling the portion to form a spent 
portion of formation. 

4593. The method of claim 4592, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 
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4594. The method of claim 4593, further comprising using a portion pf the removed 
steam to heat a second portion of the formation. • 

4595. The method of claim 4593, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 



4596. The method of claim 4578, further comprising: 

heating the portion to a temperature sufficient^osupport generation of synthesis 
gas after production of the pyrolyzation fluiclsr 

introducing a synthesis gas prefacing flyi'd into the portion to generate synthesis 
gas; and 

removing a portion of^fie synthesis ias from th^/formation. 



4597. The method of claim 4596, further compffisirig producing the synthesis gas from 
the formation under pressure, and generating elect/icity from the produced synthesis gas 
by passing the produced synthesi^as^tlirough arurbine. 

4598. The method of ctemf^o96, further comprising using a first portion of the removed 
synthesis gas as fuel cell feed. 

4599. The method of/laim 4596, further comprising producing steam from operation of 
the fuel cell, and usiiag the steam as part of the synthesis gas producing fluid. 

4600. The method of claim 4596, further comprising using carbon dioxide from the fuel 
cell as a part of the synthesis gas producing fluid. 



4601 . Thp method of claim 4596, further comprising using a portion of the synthesis gas 
to produce hydrocarbon product. 
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4602. The method of claim 4596, further comprising cooling the portion to form a spent 
portion of formation. / 



4603. The method of claim 4602, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 

4604. The method of claim 4603, further comprising using a portion of the removed 
steam to heat a second portion of the formation. / 

4605. The method of claim 4603, further comprising usmg a portion of the removed 
steam as a synthesis gas producing fluid in a secondxp6rtion of the formation. 

4606. The method of claim 4578, furtljer :ompming prov^rapig heat from three or more 
heat sources to at least a portion of^the formation; wherein tpree or more of the heat 
sources are located in the formation in a unit of heat^ouroes, and wherein the unit of heat 
sources comprises a triangular pattern. / / / 

4607. The method of claim 4578, further/comprising providing heat from three or more 
heat sources to at leasy a portion of tlwformation, wherein three or more of the heat 
sources are located in (the formatioprin a unit of heat sources, wherein the unit of heat 
sources comprises a triangul^p^nern, and wherein a plurality of the units are repeated 
over an area of the formation^ form a repetitive pattern of units. 

4608. A method for in sitt/production of synthesis gas from a hydrocarbon containing 
formation, comprising: / 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 
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heating at least a portion of the selected section to a temperature/sufficient to 
generate synthesis gas; 

providing a synthesis gas generating fluid to at least the por^on of the selected 
section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formajrfon. 

4609. The method of claim 4608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of hear from at least the two heat 
sources pyrolyzes at least some hydrocarbons within ^ne selected section of the 
formation. 

4610. The method of claim 4608, furtji^r comprisingJallowing the heat to transfer from 
the one or more heat sources to the/selected ^ection tj§ substantially uniformly increase a 
permeability of the selected secnon. 

46 1 1 . The method of clziim 4608, further £omprising controlling heat transfer from the 
one or more heat sources to produc^ apermeapility within the selected section of greater 
than about 1 00 millidarcy . 



20 46 1 2. The method of claitn / 4608 5 further Comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 



25 



4613. The method </f claim 4608, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



30 



4614. The method of claim 4608, wherein heating at least the portion of the selected 
section to a/temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the^arbon- 
containing material within the zones to produce heat in the zones; ancf 

transferring heat from the zones to the selected section. / 

4615. The method of claim 4608, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formationymrough a wellbore; 

transporting the oxidizing fluid substantially be^cpnVectiop into the portion of the 
selected section, wherein the portion of the selecteeKsection is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and/ 

reacting the oxidizing fluid witirin the portion of the/selected section to generate 
heat and raise the temperature of the portion. / / / 

4616. The method of claim/4608, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the,formation. / 

4617. The method of claW 4608/whepein one or more heat sources comprise one or 
more heater wells, wherein aUeasfrt5ne heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

461 8. The method of claim 4608, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steajn into the portion. 

4619. The /method of claim 4608, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
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maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4620. The method of claim 4608, further comprising: 
5 monitoring a composition of the produced synthesis' gas; and 

controlling heating of at least the portion of selected section and provision of the 
synthesis gas generating fluid to maintain the composition of the produced synthesis gas 
within a desired range. 

10 4621. The method of claim 4608, wherein the s^ynthesTs ga^enerating fluid comprises 
liquid water. 



U 15 



4622. The method of claim 4608/whereii/the synthesisers generating fluid comprises 
steam. 

4623. The method of claim 4608, wherein th^synthesis gas generating fluid comprises 
water and carbon dioxide, wherein/the caijbon dioxide /inhibits production of carbon 
dioxide from the selected sectK 



20 4624. The method of claim/4623, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



4625. The method ofrelaim 4608, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and/wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



4626. The method of claim 4625, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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4627. The method of claim 4608, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the^s^ected section. 

4628. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, ana wherein at least a 
portion of the hydrocarbons are subjected to a reaction withirf at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 



4629. The method of claim 4608, wherein the synthe^iVga^genhrating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at le^sUne portion^ the selected section to 
increase an energy content of the prodpcfed syrfthesis gasy 



4630. The method of claim 4608, further comprising maintaining a pressure within the 
formation during synthesis/gas generation, an^passing produced synthesis gas through a 
turbine to generate electmcity. 

463 1 . The method of qlaim 46j^8^further comprising generating electricity from the 
synthesis gas using a fuelceT 

4632. The method of clsum 4608, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portioi/of the separated carbon dioxide within a spent section of the 
formation. 



4633. The method of claim 4608, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 
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4634. The method of claim 4608, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Jropsch synthesis 
process. 

4635. The method of claim 4608, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4636. The method of claim 4608, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 



4637. The method of claim 4608, further comprising,eenverting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



4638. The method of claim 4608, further^ompri^g^roviding heat from three or more 
heat sources to at least a portiop^f the formation/whferein three or more of the heat 
sources are located in the formation in a'unit o^heat Sources, and wherein the unit of heat 



sources comprises a triangular patter 



j 



4639. The method oflclaim 4608, further comprising providing heat from three or more 
heat sources to at least a portioj^of the formation, wherein three or more of the heat 
sources are located in me-formation in a unit of neat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4640. A method for in situ production of synthesis gas from a hydrocarbon containing 
formation, comprising: 

heating a f/rst portion of the formation to pyrolyze some hydrocarbons within the 
first portion; 

allowing the heat to transfer from one or more heat sources to a selected section 
of the formation, 

pyro/yzing hydrocarbons within the selected section; 
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producing fluid from the first portion, wherein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; ^ 

heating a second portion of the formation to a temperature sufficient to allow 
synthesis gas generation; / 

introducing at least a portion of the aqueous fluid to the'second section after the 
section reaches the temperature sufficient to allow synthesis/^as generation; and 

producing synthesis gas from the formation. 



4641. The method of claim 4640, wherein the temperature sufficient to allow synthesis 

/to \ 



gas generation ranges from approximately 400 °C/fo approximately 1200 °C. 



4642. The method of claim 4640, further comprising separating ammonia within the 
aqueous phase from the aqueous phase" prior to introduction of at least. the portion of the 



aqueous fluid to the second section. 



4643. The method of claim/4640, wnerein ^permeability of the second portion of the 
formation is substantially imifonryand greater than about 100 millidarcy when the 
temperature sufficient to allow synth^is gas generation is achieved. 



4644. The method of clairr/4640, further comprising heating the second portion of the 
formation during introduction of at least the portion of the aqueous fluid to the second 
section to inhibit temperature decrease in the second section due to synthesis gas 
generation. 

4645. The meth6d of claim 4640, wherein heating the second portion of the formation 
comprises connecting an oxidizing fluid into a portion of the second portion that is above 
a temperature sufficient to support oxidation of carbon within the portion with the 
oxidizing/fluid, and reacting the oxidizing, fluid with carbon in the portion to generate 
heat witnin the portion. 
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4646. The method of claim 4640, wherein heating the second portion tff the formation 
comprises diffusing an oxidizing fluid to reaction zones adjacent to Wellbores within the 
formation, oxidizing carbon within the reaction zones to generate psat, and transferring 
the heat to the second portion. 

4647. The method of claim 4640, wherein heating the second portion of the formation 
comprises heating the second section by transfer of heat fjtom one or more electrical 
heaters. 

4648. The method of claim 4640, wherein heating the second portion of the formation 
comprises heating the second section with a flarr£el€ss distributor combustor. 

4649. The method of claim 4640, wb^rein4ieating the/ second portion of the formation 
comprises injecting steam into a^least the portion of/the formation. 

4650. The method of claim 4640, ymerein at J^ast ^ portion of the aqueous fluid 
comprises a liquid phase. 



465 1 . The method pf claim 4-640, wherein the aqueous fluid comprises a vapor phase. 



4652. The methodlof claftm 4640, further comprising adding carbon dioxide to at least 



the portion of aqueo^^iukHo 
the formation. 



inhibit productiln of carbon dioxide from carbon within 



4653. The methpd of claim 4652, wherein a portion of the carbon dioxide comprises 
carbon dioxide/removed from the formation. 



4654. The/method of claim 4640, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portion of the aqueous fluid to increase a H2 
concentration within the produced synthesis gas. 
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4655. The method of claim 4640 } further comprising adding hydrocarbon/ with carbon 
numbers less than 5 to at least the portion of the aqueous fluid to increase a H2 
concentration within the produced synthesis gas, wherein the hydrocarbons are obtained 
from the produced fluid. 

4656. The method of claim 4640, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase energy content of the produced 
synthesis gas. 

4657. The method of claim 4640, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase yenergy content of the produced 
synthesis gas, wherein the hydrocarbons are obtained frorrrffie produced fluid. 

4658. The method of claim 4640, further comprising maintaining a pressure within the 
formation during synthesis gas generatj^m, aija passing produced synthesis gas through a 
turbine to generate electricity. 

4659. The method of claim 4/>40, further con^rising generating electricity from the 
synthesis gas using a fuel ce| 

4660. The method of claim^64Q(<^further comprising generating electricity from the 



synthesis gas using a fuel cell^separating carbon dicjxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 



4661 . The method ofclaim 4640, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4662. The method of claim 4640, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 
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4663. The method of claim 4640, further comprising converting a^feast a portion of the 
produced synthesis gas to methanol. 

4664. The method of claim 4640, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 



10 
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4665. The method of claim 4640, further comprisipi^nvertmfe at least a portion of the 
synthesis gas to methane using a catalytic mejh£na£ion process/ 

4666. The method of claim 4640, fufther coi^prising^roviaing.heat from three or more 
heat sources to at least a portion/ff the formation, \yherein fhree or more of the heat 
sources are located in the formation in a yfiit of fy6at sourqfes, and wherein the unit of heat 
sources comprises a triangular pattern. 



4667. The method of claim 4640, furthe/comprising p 



heat sources to at leas 
sources are located in 



a portion 91 the formation, wherein three or more of the heat 
the formation id a unit of heat sources, wherein the unit of heat 



oviding heat from three or more 



sources comprises a trr^igd^^ttern, and wherein a plurality of the units are repeated 
over an area of the formatiorfto form a repetitive pattern of units. 

4668. A method for in s/tu production of synthesis gas from a carbon containing 
formation, comprising: 

heating a portion of the formation with one or more heat sources to create 
increased and substantially uniform permeability within a portion of the formation and to 
raise a temperatur^within the portion to a temperature sufficient to allow synthesis gas 
generation; 

providing a synthesis gas generating fluid into the portion through at least one 
injection wellbore to generate synthesis gas from hydrocarbons and the synthesis gas 
generating fluid; and 
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producing synthesis gas from at least one heat source wellbore in which is 
positioned proximate to a heat source of the one or more heat sources^ 

4669. The method of claim 4668, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400° C to about LZ00 °C. 

4670. The method of claim 4668, wherein creating a substantially uniform permeability 
comprises heating the portion to a temperature within ar range sufficient to pyrolyze 
hydrocarbons within the portion, raising the temperature within the portion at a rate of 
less than about 5 °C per day during pyrolyzation ^nd removing a portion of pyrolyzed 
fluid from the formation. 

4671 . The method of claim 4668, further comprising rerfio^ing fluid from the formation 
through at least the one injection^ellbore prior to heatmgihe selected section to the 
temperature sufficient to allow synthesis gas generaupn. 

4672. The method of/claim 4668,/wherein die injection wellbore comprises a wellbore 
of a heat source in which is positioned a heat source of the one or more heat sources. 



4673. The method of claim/4668, further comprising heating the selected portion during 
providing the synthesis gas' generating fluid to inhibit temperature decrease in at least the 
portion of the selected section due to synthesis gas generation. 

4674. The method pf claim 4668, further comprising providing a portion of the heat 
needed to raise the' temperature sufficient to allow synthesis gas generation by convecting 
an oxidizing fluia to hydrocarbons within the selected section to oxidize a portion of the 
hydrocarbons >and generate heat. 



4675. The method of claim 4668, further comprising controlling the heating of the 
selected/section and provision of the synthesis gas generating fluid to maintain a 
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temperature within the selected section above the temperature sufficient i& generate 
synthesis gas. # / 



4676. The method of claim 4668, further comprising: 
monitoring a composition of the produced synthesis gas; And 
controlling heating of the selected section and provisiori of the synthesis gas 

generating fluid to maintain the composition of the produced/synthesis gas within a 
desired range. 

4677. The method of claim 4668, wherein the synthes/s gas generating fluid comprises 
liquid water. 

4678. The method of claim 4668, wherein th,e-s^thesis gas generating fluid comprises 
steam. 



4679. The method of claim 4668, wherein the synthesis gasygenerating fluid comprises 
steam to heat the selected section and to generate synth^sis4as. 



/ 



4680. The method of claim ^668, wh 
water and carbon dioxide, wheri 
dioxide from the selected section. 



synthesis gas generating fluid comprises 
Don dioxide/inhibits production of carbon 



4681. The method of claim 4o80, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 

4682. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4683. The method of claim 4682, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 
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4684. The method of claim 4668, wherein providing the synthesis/gas generating fluid 
to the selected section comprises raising a water table of the fon^ation to allow water to 
enter the selected section. 

4685. The method of claim 4668, wherein the synthesiVgas generating fluid comprises 
water and hydrocarbons having carbon numbers less man 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produced synthesis gas. 



4686. The method of claim 4668, whereinj^^synthesis.gas generating fluid comprises 
water and hydrocarbons having carbop^numbers greater than 4, and wherein at least a 
portion of the hydrocarbons reacFwithir/the selected/section to increase an energy 
content of the produced synthesis gasy 



4687. The method &f claim 466§( fur^er comprising maintaining a pressure within the 
formation during synthesis gas ^en^ration, aip passing produced synthesis gas through a 
turbine to generate electricity, 



4688. The method of claim 4668, further comprising generating electricity from the 



synthesis gas using a fuel cell. 



/ 



4689. The methoa of claim 4668, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 



4690. /The method of claim 4668, further comprising using a portion of the synthesis gas 
as a combustion fuel for heating the formation. 
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4691. The method of claim 4668, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fisctyer-Tropsch synthesis 
process. 

4692. The method of claim 4668, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4693. The method of claim 4668, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4694. The method of claim 4668. further comprising converting at least a portion of the 
synthesis gas to methane using a catalytk>tnethanation process. 



4695. The method of claim 4668, wherein a temperature of at least the one heat source 
wellbore is maintained at a^femperature of less than approximately 700 °C to produce a 
synthesis gas having a^atio of H2 to^carbon ^monoxide of greater than about 2. 

4696. The method of claim 46p8, wherein a temperature of at least the one heat source 
wellbore is maintained at a ternperature of greater than approximately 700 °C to produce 
a synthesis gas paving a xdXpjdi H2 to carbon monoxide of less than about 2. 



4697. The metKb€k>fo4aim 4668, wherein a /temperature of at least the one heat source 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio 0/H2 to carbon monoxide of approximately 2. 



4698. The method of claim 4668, wherein a heat source of the one or more heat sources 
comprises anelectrical heater. 

4699. The method of claim 4668, wherein a heat source of the one or more heat sources 
comprises a natural distributor heater. 
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4700. The method of claim 4668, wherein a heat source of the one or/more heat sources 
comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC heater through a conduit/positioned within the 
wellbore. 

4701 . The method of claim 4668, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat/ources, and wherein the unit of heat 
sources comprises a triangular pattern. 




4702. The method of claim 4668, further compr; 
heat sources to at least a portion of the fomration, wherein 
sources are located in the formationiifa janit of heat source 

sources comprises a triangular^attern/and wherein / plurality of the units are repeated 
over an area of the formation to fonyf a repetitive^att^rn of units. 



ing heat from three or more 
ee or more of the heat 
wherein the unit of heat 



^drocarbopf :ontaping formation in situ, comprising: 
heat sources to at least a portion of the 



4703 . A method of treating 

providing 
formation; 

allowing the heat/fo trajaffer from the ?5ne or more heat sources to a selected 
section of the foi^atioA^a^h that the heat frdm the one or more heat sources pyrolyzes at 
least a portion of the/carbon containing material within the selected section of the 
formation; , 

producing pyrolysis products from the formation; 
heating a first portion of a formation with one or more heat sources to a 
temperature/sufficient to allow generation of synthesis gas; 

providing a first synthesis gas generating fluid to the first portion to generate a 
first synthesis gas; 

removing a portion of the first synthesis gas from the formation; 
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heating a second portion of a formation with one more heat sources to a 
temperature sufficient to allow generation of synthesis gas having p/Hj to CO ratio 
greater than a H 2 to CO ratio of the first synthesis gas; 

providing a second synthesis gas generating component to the second portion to 
generate a second synthesis gas; 

removing a portion of the second synthesis gas ft6m the formation; and 

blending a portion of the first synthesis gas with a portion of the second synthesis 
gas to produce a blended synthesis gas having a selected H2 to CO ratio. 



4704. The method of claim 4703 . wherein the/one or more heat sources comprise at 
least two heat sources, and wherein superposition o£4ieat from at least the two heat 
sources pyrolyzes at least some hydrocarb^fps'within the selected section of the 
formation. 

4705. The method of claim 47(B< / wh^rein the fi/sf synthesis gas generating fluid and 
second synthesis gas generatjifg fluM are the smne component. 



4706. The method ofxlaim 470G, further comprising controlling the temperature in the 
first portion to control a comnositioi/of the first synthesis gas. 

4707. The method of claftn #703, further comprising controlling the temperature in the 
second portion io control a: composition of the second synthesis gas. 



4708. The method 6f claim 4703, wherein the selected ratio is controlled to be 
approximately 2: 1/H2 to CO. 



4709. The method of claim 4703, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H2to CO. 



4710. The method of claim 4703, wherein the selected ratio is controlled to be 
approximately 3:1 H2 to CO. 
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471 1 . The method of claim 4703, wherein the selected ratio is controjJed to range from 
approximately 2.8:1 to approximately 3.2:1 H 2 to CO. 

4712. The method of claim 4703, further comprising providing/ at least a portion of the 
produced blended synthesis gas to a condensable hydrocarbopr synthesis process to 
produce condensable hydrocarbons. 

4713. The method of claim 4712, wherein the conder^able hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

4714. The method of claim 471 3, further comj&ising craclfing at least a portion of the 
condensable hydrocarbons to form middle^stillates. 



M= 15 



4715. The method of claim 4703, further comprisirwproviding at least a portion of the 
produced blended synthesis gas to a catalytic m^thanation process to produce methane. 



p 

£ 20 



25 



4716. The methodof claim 4703, further comprising providing at least a portion of the 
produced blendefl synthesis gas to a/fnethano^synthesis process to produce methanol. 



4717. The met 



Lod of claipr / 4703, further comprising providing at least a portion of the 



produced blended synthesis gas to a gaso ine-synthesis process to produce gasoline. 

4718. The methods claim 4703, wherein removing a portion of the second synthesis 
gas comprises wifndrawing second synthesis gas through a production well, wherein a 
temperature of/he production well adjacent to a second syntheses gas production zone is 
maintained di a substantially constant temperature configured to produce second 
synthesis gas having the H2 to CO ratio greater the first synthesis gas. 



4719. /The method of claim 4703, wherein the first synthesis gas producing fluid 
comprises CO2 and wherein the temperature of the first portion is at a temperature that 
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will result in conversion of CO2 and carbon from the first portion to CO to/generate a CO 
rich first synthesis gas. 

4720. The method of claim 4703, wherein the second synthesis gats producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons react within the formation p increase a H2 
concentration within the produced second synthesis gas. 



472 1 . The method of claim 4703, wherein blending a /ortion of the first synthesis gas 
10 with a portion of the second synthesis gas comprisesyproducing an intermediate mixture 
having a H2 to CO mixture of less than the selectecn^titCanM subjecting the intermediate 



mixture to a shift reaction to reduce an amouj: 
produce the selected ratio of H2 to CO. 



CO and increase an amount of H2 to 



15 4722. The method of claim /w03, furthe/ comprising removing an excess of first 

synthesis gas from the firsx portion to have an excess 0/ CO, subjecting the first synthesis 
gas to a shift reaction tp reduce an amount of^CO and/increase an amount of H2 before 
blending the first synthesis gas with the second synthesis gas. 



B E 20 



4723. The method of ct 



X3, further comprising removing the first synthesis gas 



from the formation under pressure, and passing removed first synthesis gas through a 
turbine to generate electricity. 



4724. The method of claim 4703, further comprising removing the second synthesis gas 
25 from the formation^ under pressure, and passing removed second synthesis gas through a 

turbine to generate electricity. 

4725. The/method of claim 4703, further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 



30 
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4726. The method of claim 4703, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide wi^nin a spent portion of 
the formation. 

5 

4727. The method of claim 4703, further comprising using at least a portion of the 
blended synthesis gas as a combustion fuel for heating the formation. 

4728. The method of claim 4703, further comprisingyallowing the heat to transfer from 
10 the one or more heat sources to the selected section \p substantially uniformly increase a 

permeability of the selected section. 



15 



4729. The method of claim 4703, fuptner comprising controlKng heat transfer from the 
one or more heat sources to prodjjce a permeability withiij/fjie selected section of greater 
than about 100 millidarcy. 



20 



4730. The method of claim 4703, further comprising Heating at least the portion of the 
selected section when providing the synthesis ?as generating fluid to inhibit temperature 
decrease within the selected section aurmg synthesis/gas generation. 

473 1 . The method of claim 470^, wherein the temperature sufficient to allow synthesis 
gas generation is within a range/from approximately 400 °C to approximately 1200 °C. 



4732. The method of claim 4703, wherein heating the first a portion of the selected 
25 section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 

disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 

zones to temperatures sufficient to support reaction of carbon-containing material within 

the zones with m oxidizing fluid; 
30 introducing the oxidizing fluid to the zones substantially by diffusion; 
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allowing the oxidizing fluid to react with at least a portion of/the carbon- 
containing material within the zones to produce heat in the zonesi/and 
transferring heat from the zones to the selected section. / 



4733. The method of claim 4703, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas/generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are cormgured to raise temperatures of the 
zones to temperatures sufficient to support reactioi/of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zo^s^ubstantiaNy by diffusion; 

allowing the oxidizing fluid to reapHVith at least a portion of the carbon- 
containing material within the zones,**) produce heat in thrones; and 
transferring heat from the zones to the selected sectioiy 

4734. The method of claim 4703, wherein heatirfg the first portion of the selected 
section to a temperature sufficient ta allow symhesis gas generation comprises: 

introducing an oxidizing fmid into^ne formation through a wellbore; 

transporting the oxidizW fluid/substantialAy by convection into the first portion 
of the selected section, wherein toeTirst portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and 



reacting the oxidizing fluid within the fi 
generate heat and raise tKe temperature of the fi 



rst portion of the selected section to 
st portion. 



4735. The method m claim 4703, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the second 
portion of the selected section, wherein the second portion of the selected section is at a 
temperature sufficient to support an oxidization reaction with the oxidizing fluid; and 
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reacting the oxidizing fluid within the second portion of the s< 
generate heat and raise the temperature of the second portion. / 



fected section to 



4736. The method of claim 4703, wherein the one or more h^at sources comprise one or 
more electrical heaters disposed in the formation. 

4737. The method of claim 4703, wherein the one or ryfbre heat sources comprises one 
or more natural distributor combustors. 

4738. The method of claim 4703, wherein the oitfe or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heatingjiie"conduit by flowing a hot fluid through 
the conduit. 

4739. The method of claim ^03, wherein heating/tne first portion of the selected 
section to a temperature sjkfificient to mlow synthesis gas generation and providing a first 
synthesis gas generating fluid to theTirst portion of £ne selected section comprises 
introducing steam into the first portion. 

4740. The method of claim 4703ywherein heat/ng.the second portion of the selected 
section to a temperati^sumpi^nt to allow synthesis gas generation and providing a 
second synthesis gas generating fluid to the second portion of the selected section 
comprises introducing steam into the second portion. 



\ 



4741. The method'of claim 4703, further comprising controlling the heating of the first 
portion of selected section and provision of the first synthesis gas generating fluid to 
maintain a temperature within the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



4742. The method of claim 4703, further comprising controlling the heating of the 
second portion of selected section and provision of the second synthesis gas generating 
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fluid to maintain a temperature within the second portion of the selected section above 
the temperature sufficient to generate synthesis gas. / 



4743. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises liquid water. 

4744. The method of claim 4703. wherein the seco/d synthesis gas generating fluid 
comprises liquid water. 

4745. The method of claim 4703, wherein t^flfst synthesis gks generating fluid 
comprises steam. 

4746. The method of claim 4703, wherein the second/synthesis gas generating fluid 
comprises steam. 



4747. The method of claim 470/ wherein / the fi/st synthesis gas generating fluid 
comprises water and/carbon diyxide, \yKerein th^ carbon dioxide inhibits production of 



carbon dioxide from 



the selected section. 



4748. The method of claim 4747, wherein a 
first synthesis gas generating fluid comprises 
formation. 



Dortion of the carbon dioxide within the 
carbon dioxide removed from the 



4749. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxitie from the selected section. 



4750. /The method of claim 4749, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
forn/ation. 
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475 1 . The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. / 



4752. The method of claim 475 1 , wherein a portion of th^ carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 

4753. The method of claim 4703, wherein the s^6ond synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the^arbtQn dioxide reacts with carbon 
in the formation to generate carbon monoxic 

4754. The method of claim 4751/wherein a portion of the^rbon dioxide within the 
second synthesis gas generatjtfg fluid /omprises carboiyai^ide removed from the 
formation. 

4755. The method fif claim 47($3, wherein p&vidinsf the first synthesis gas generating 
fluid to the first portion of the' selected section comprises raising a water table of the 
formation to allow water to/flow intoahe first portion of the selected section. 



4756. The method ofizfeim 4703, wherein providing the second synthesis gas generating 
fluid to the second portion of the selected section comprises raising a water table of the 
formation to allow/water to flow into the second portion of the selected section. 

4757. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises w^ter and hydrocarbons having carbon numbers less than 5, and wherein at 
least a poction of the hydrocarbons are subjected to a reaction within the first portion of 
the selected section to increase a H 2 concentration within the produced first synthesis gas. 



475 8( The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
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least a portion of the hydrocarbons are subjected to a reaction within th/ second portion 
of the selected section to increase a H2 concentration within the produced second 
synthesis gas. / 



4759. The method of claim 4703, wherein the first synthesi/gas generating fluid 
comprises water and hydrocarbons having carbon number/greater than 4, and wherein at 
least a portion of the hydrocarbons react within the first/portion of the selected section to 
increase an energy content of the produced first syntWesisjgas 

4760. The method of claim 4703, whemkflhe Second synth^is gas generating fluid 
comprises water and hydrocarbons ^bdving carDon numbers greater than 4, and wherein at 
least a portion of the hydrocartxms react within at least/fWsecond portion of the selected 
section to increase an energy content of the second produced synthesis gas. 



4761 . The method ofclaim 4703, filrther cc^prising/maintaining a pressure within the 
formation during synthesis gas gerteration/and passing produced blended synthesis gas 



through a turbine t< 



generate electricity 



4762. The method bQainv0v3 , further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 



4763. The method of/claim 4703, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent section of 
the formation. 

4764. The method of claim 4703, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 



4765. The method of claim 4703, further comprising using a portion of the first 
synthesis gas as a combustion fuel for the one or more heat sources. 
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4766. The method of claim 4703, further comprising using a portion of the second 
synthesis gas as a combustion fuel for the one or more heat sources. 



4767. The method of claim 4703, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or moremeat sources. 



4768. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sjmrces tt) at least a portion of the 
formation; 

allowing the heat to transfer fronrfKe one or m^re heat sources to a selected 
section of the formation such that $le he/t from the ofi^/br more heat sources pyrolyzes at 
least some of the hydrocarbon^ withir/the selected i$tion of the formation; 
producing pyrolysis product from the fo/ft^tion; 

heating at leagf a portion 9^ the selected section to a temperature sufficient to 
generate synthesi^gas; 

controlling a temperature of at l^ast a portion of the selected section to generate 
synthesis gas paving a sele/ted H2 to CO raty 

providing a syntl}esis g^generatingf fluid to at least the portion of the selected 
section to generate synfhes^gas; and 

producirtg-ar^ortion of the synthesis gas from the formation. 



4769. The method of claim 4768, wherdn the one or more heat sources comprise at 
least two heat Sources, and wherein superposition of heat from at least the two heat 
sources pyrjaflyzes at least some hydrocarbons within the selected section of the 
formations 



4770( The method of claim 4768, wherein the selected ratio is controlled to be 
approximately 2:1 H2 to CO. 
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4771 . The method of claim 4768, wherein the selected ratio is controlled 
approximately 1.8:1 to approximately 2.2: 1 H2 to CO. / 



range from 



4772. The method of claim 4768, wherein the selected ratio is copirolled to be 
approximately 3 : 1 H2to CO. 

4773. The method of claim 4768, wherein the selected rat)6 is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H2to CO. 

4774. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydroca^oji^ynthesis\process to produce 
condensable hydrocarbons. 

4775. The method of claim 4774, wh^reiiyrhe condengaple hydrocarbon synthesis 
process comprises a Fischer- Trop^ch pro/ess. 

4776. The method of claim/4775, further comf>risin£ cracking at least a portion of the 
condensable hydrocarbons^ form/middle distillates. 



4777. The method of claim 4/68, fiurther comprising providing at least a portion of the 



produced synthesis gas t(ra-cat£fytic methanatioi 



process to produce methane. 



4778. The method of c^aim 4768, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesisfprocess to produce methanol. 

4779. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 



4780. The/method of claim 4768, further comprising allowing the heat to transfer from 
the one or/more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 
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478 1 . The method of claim 4768, further comprising controlling heat/transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

4782. The method of claim 4768, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis ga/generation. 

4783. The method of claim 4768, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400^ to approximately 1200,°C. 



4784. The method of claim 4768, wherein/Ke&ting at leafet the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent tovyellbore^of onepr more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support r^actioi/ of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the jxidizing lMd^o the zones substantially by diffusion; 

allowing the oxidizing fluid/to react with at least a portion of the carbon- 



containing material withr 



)nes to produce 



heat in the zones; and 



transferring heat from the zones to the selected section. 

/ \ 

4785. The method of claim 4768, wherein heating at least the portion of the selected 
section to a temperature /sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, Wherein the portion of the selected section is at a temperature sufficient 
to support an ox/dization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 
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4786. The method of claim 4768, wherein the one or more he/t sources comprise one or 
more electrical heaters disposed in the formation. 

4787. The method of claim 4768, wherein the one or n^re heat sources comprises one 
or more natural distributor combustors. 



10 
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4788. The method of claim 4768, wherein the on^or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating pne conduit by flowing a hot fluid through 
the conduit. 



4789. The method of claim 4768, wh^fein heating at ltfast the portion of the selected 
section to a temperature sufficienj/fo allow synthesis/gas generation and providing a 
synthesis gas generating fluid/fo at lea^t the portion ^f the selected section comprises 
introducing steam into the/portion. 



4790. The method of 
the portion of selected 



laim 4768/ furthef comprising controlling the heating of at least 
(wis 



section and provision of ihe synthesis gas generating fluid to 
maintain a temperature Vithir^tTeast the portion of the selected section above the 
temperature sufficient to generate synthesis gas. \ 



25 



4791 . The method of cl^im 4768, wherein the synthesis gas generating fluid comprises 
liquid water. 

4792. The method ^f claim 4768, wherein the synthesis gas generating fluid comprises 
steam. 



4793. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from/the selected section. 
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4794. The method of claim 4793, wherein a portion of the carboii dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4795. The method of claim 4768, wherein the synthesis gats generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxjtie reacts with carbon in the 
formation to generate carbon monoxide. 

4796. The method of claim 4795, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4797. The method of claim 4768, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected sec^n/comprises raising a water table of the 
formation to allow water to flow intafthe at least the portion of the selected section. 



4798. The method of claim 4768, wherein the syntnesis gas generating fluid comprises 
water and hydrocarbons having carbem numbers/less man 5, and wherein at least a 
portion of the hydrocarbons are sumected to & reaction within at least the portion of the 
selected section to increase a H2 /oncentrafion within the produced synthesis gas. 



4799. The method of cfmm 476^/wherein the synthesis gas generating fluid comprises 
water and hydrocarbons haying carbon numbers greater than 4, and wherein at least a 



portion of the hydrocarbons react within at least 
increase an energy content of the produced synth 



the portion of the selected section to 
esis gas. 



4800. The method of claim 4768, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 



4801. The method of claim 4768, further comprising generating electricity from the 
synthesis gas using a fuel cell. 
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4802. The method of claim 4768, further comprising generating Electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from aoluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a/spent section of the 
formation. / 

4803. The method of claim 4768, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources/ 

4804. A method of treating a hydrocarboiy^dntaming formation in situ, comprising: 
providing heat from one or mope'neat sources to w least a portion of the 

formation; / / / 

allowing the heat to transfer from the one or mpre heat sources to a selected 
section of the formation suchahat the heap from the^iie or more heat sources pyrolyzes at 
least some of the hydrocarbons within tne selected>section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portion ofyftie selected ^ection to a temperature sufficient to 
generate synthesis gas; / / / 

controlling a temperature ip'or proximate to a synthesis gas production well to 
generate synthesis gak haviniA'selected H2 jo CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and / 

producing synthesis gas from the formation. 

4805. The method of claim 4804, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation/ 



4806. / The method of claim 4804, wherein the selected ratio is controlled to be 
approximately 2:1 t^to CO. 
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4807. The method of claim 4804, wherein the selected ratio i/ controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H 2 to CO. 

4808. The method of claim 4804, wherein the selected/atio is controlled to be 
approximately 3:1 H 2 to CO. 



4809. The method of claim 4804, wherein the selectedj^tk^is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H&6TO. 

48 1 0. The method of claim 4804<rurth^r comprising prowling at least a portion of the 
produced synthesis gas to a^eondensabde hydrocarbon synthesis process to produce 
condensable hydrocarbons. 



4811. The method of claim 48 1 0, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer/Tropsch^rocess. 

4812. The method OT^akrf48 1 1 , further comprising cracking at least a portion of the 
condensable hydrocapons to form middle distillates. 

4813. The method of claim 4804, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4814. Thef method of claim 4804, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 



48 1 y The method of claim 4804, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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4816. The method of claim 4804, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

4817. The method of claim 4804, further comprising contrc/lling heat transfer from the 
one or more heat sources to produce a permeability withirythe selected section of greater 
than about 100 millidarcy. 



48 1 8. The method of claim 4804, further comprising heating at least the portion of the 



selected section when providing the synthesis gas g^n^rating fluic 
decrease within the selected section during svrffhesis gas generati 



to inhibit temperature 
n. 



4819. The method of claim 4804, \^nerein th^temperature sufficient to allow synthesis 

)0 °C 



gas generation is within a range from approximately 4( 



'to approximately 1200 °C. 



4820. The method of claim 48©4, wherein hearing at least the portion of the selected 



section to a temperature sufficient to aMow^ynthesis gas 



generation comprises: 



heating zones adjacent to welTbores of one or more heat sources with heaters 
disposed in the wellbores, wherein/the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing flpd; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidising fluid to react with at least a portion of the carbon- 
containing material witfeun the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 



482 1 . The method of claim 4804, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convection intp the portion of the 
selected section, wherein the portion of the selected section is at a tjgmiperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
5 heat and raise the temperature of the portion. 

4822. The method of claim 4804, wherein the one orinore heat sources comprise one or 
more electrical heaters disposed in the formation. 

10 4823. The method of claim 4804, wherein the pnc or more/he^i sources comprises one 
or more natural distributor combustars. 



15 



4824. The method of claim 4\ 804, wherein the one^r more heat sources comprise one or 
more heater wells, wherein at least one4ieater Well compmses a conduit disposed within 
the formation, and further comprisii^g heatjrig the condu/t by flowing a hot fluid through 
the conduit. 



20 



4825. The method of claim 4S04, wherein heating at/least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion o^\the selected section comprises 
introducing steam into the portion. 



4826. The method/of claim 4804, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 

25 maintain a temperature within at least the portion of the selected section above the 
temperature Efficient to generate synthesis gas. 

4827. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
liquid water. 

30 / 
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4828. The method of claim 4804, wherein the synthesis gas generanng fluid comprises 
steam. / 



4829. The method of claim 4804, wherein the synthesis gas/generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

4830. The method of claim 4829, wherein a portion/of thexarton dioxide within the 
synthesis gas generating fluid comprises carbon divide removed from the formation. 

483 1. The method of claim 4804, whpfein ther synthesis ga/ generating fluid comprises 
carbon dioxide, and wherein a portion of th^/carbon dioxyle reacts with carbon in the 
formation to generate carbon monoxide. 



4832. The method of claim 483 1, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4833. The method of claim 4804, wWein providing the synthesis gas generating fluid 
to at least the portion ^fthe sdfeoXpa section confprises raising a water table of the 
formation to allow water fo"/low into the at least the portion of the selected section. 

4834. The method of c)aim 4804, wherein the synthesis gas generating fluid comprises 

/ 1 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 

portion of the hydrocarbons are subjected to a reaction within at least the portion of the"* 

selected section to/increase a H2 concentration within the produced synthesis gas. 



4835. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of me hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 
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4836. The method of claim 4804, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. / 



4837. The method of claim 4804, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4838. The method of claim 4804, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxitie from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide withijua-sp^nt section of the 
formation. 

4839. The method of claim 4804, furtja^r comprising using a p^ion of the synthesis gas 
as a combustion fuel for the one or/more heat sources. 



4840. A method of treating ^hydrocarpon containi^/form^tion in situ, comprising: 

providing heat from/one or mo/e heat sources to at [east a portion of the 
formation; 

allowing the heat tjb transfer/from the'one or moref heat sources to a selected 
section of the formation s\ch that/me^ip^tfrom the one ir more heat sources pyrolyzes at 
least some of the hydrocarbdns^itliin the selected sectipn of the formation; 
producing pyrolysis products from the formatioA; 
heating at least a porjion of the selected section 
generate synthesis gas; 



to a temperature sufficient to 



controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a H 2 to CO ratio different than a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate Synthesis gas; and 

producinj/synthesis gas from the formation; 

providing at least a portion of the produced synthesis gas to a shift process 
wherein an amount of carbon monoxide is converted to carbon dioxide; 
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separating at least a portion of the carbon dioxide to obtain a gas4iaving a selected 
H 2 to CO ratio. / 



4841 . The method of claim 4840, wherein the one or more hea/sources comprise at 
least two heat sources, and wherein superposition of heat froni at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4842. The method of claim 4840, wherein the sele5^erfratio is controlled to be 
approximately 2:1 Fhto CO. 

4843. The method of claim 4840, wherein th^e selected ra|fo is controlled to range from 
approximately 1.8:1 to 2.2:1 H^to CO. 

4844. The method of claim 4840, wherein the sel/ct/d ratio is controlled to be 
approximately 3:1 H2tO/CO. 

4845. The method ofl claim 484Q( wher^ifi the selected ratio is controlled to range from 
approximately 2.8:1 to\3.2:l H/to CO: 

4846. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas tc/a condensable hydrocarbon synthesis process to produce 
condensable hydrocarbons. 

4847. The method/of claim 4846, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 



4848. The method of claim 4847, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 



965 



Conley, Rose & Tayon, P C. 



4849. The method of claim 4840, further comprising providing at leasr a portion of the 
produced synthesis gas to a catalytic methanation process to produce/methane. 

4850. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

485 1 . The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process/io produce gasoline. 

4852. The method of claim 4840, further comprismg^Ilowing the he^t to transfer from 
the one or more heat sources to the selected sper^on to substantiallyuniformly increase a 
permeability of the selected section. 



4853. The method of claim^40, furth^comprising^ntrplling heat transfer from the 
one or more heat sources to produce a permeability \yithii/the selected section of greater 
than about 100 millidarcy. 



4854. The method 6f claim 4840; further/omprisins heating at least the portion of the 
selected section when providim/the symhesis gas generating fluid to inhibit temperature 
decrease within the selected s^c^lrduring synthes/s gas generation. 



4855. The method of claim 4840, wherein the temperature sufficient to allow synthesis 
gas generation is within/a range from approximately 400 °C to approximately 1200 °C. 



4856. The method/6f claim 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating /ones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
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allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones/and 
transferring heat from the zones to the selected section. 



10 



C3 

ffi 



15 



20 



25 



4857. The method of claim 4840, wherein heating at least/the portion of the selected 
section to a temperature sufficient to allow synthesis gas/generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selectee! section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid^and 

reacting the oxidizing fluid within the gprffon of the selected section to generate 
heat and raise the temperature of the 

4858. The method of claim 4§#0, wherejii the one or/m6re heat sources comprise one or 
more electrical heaters dispjefsed in the formation. 



4859. The method of claim 4840, wherein/the one y6r more heat sources comprises one 
or more natural distributor combus/ors. 



4860. The method of claim 4840f wherein the o: 




more heater well 
the formation, and 
the conduit. 



wherein aufeast one heater well comprises a conduit disposed within 



comprising heating the 



e or more heat sources comprise one or 



conduit by flowing a hot fluid through 



\ 



4861 . The method of aairn 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 



30 4862. The method of claim 4840, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
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maintain a temperature within at least the portion of the selected sectior/ above the 
temperature sufficient to generate synthesis gas. 

4863. The method of claim 4840, wherein the synthesis gas gei^rating fluid comprises 
liquid water. 

4864. The method of claim 4840, wherein the synthesis $4s generating fluid comprises 
steam. 



10 4865. The method of claim 4840, wherein the synthesis^gSTgeherating fluid comprises 
water and carbon dioxide, wherein the carbon dp^ide inhibits production of carbon 
dioxide from the selected section. 



15 



4866. The method of claim 4865f wherein at portion of the/carbon dioxide within the 
synthesis gas generating fluid Comprises carbon dioxid^emoved from the formation. 



20 



25 



4867. The method of clai: 
carbon dioxide, and wherqin 
formation to generate carl 



4840, wherein the synthesis/gas generating fluid comprises 
a portion of the carbon dioxide reacts with carbon in the 
n monoxide. 



4868. The method of claim 4867, wherein a portion/of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



4869. The method of claim 4840, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 



4870. The method/of claim 4840, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 
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4871 . The method of claim 4840, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of jKe selected section to 
increase an energy content of the produced synthesis gas. 



4872. The method of claim 4840, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passijafg produced synthesis gas through a 
turbine to generate electricity. 



4873. The method of claim 484j)<Turther comprising g^fjerating electricity from the 
synthesis gas using a fuel eel 



4874. The method of claim 4840, further corrfprisirig generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a potion of the separated $mbon dioxide within a spent section of the 
formation. 



4875. The method of cl^im 4840, further comprising using a portion of the synthesis gas 
as a combustion fuel for/ftie one or more heat sources. 

4876. A method of forming a spent portior of formation within a hydrocarbon 
containing formation, comprising: 

heating a/First portion of the formation to pyrolyze hydrocarbons within the first 
portion and to Establish a substantially uniform permeability within the first portion; and 
cooling the first portion. 



4877. The method of claim 4876, wherein heating the first portion comprises 
transferring heat to the first portion from one or more electrical heaters. 
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4878. The method of claim 4876, wherein heating the first portion comprises 
transferring heat to the first portion from one or more natural distributor combustors. 

4879. The method of claim 4876, wherein heating the first portion comprises 
transferring heat to the first portion from one or more flameiess distributor combustors. 

4880. The method of claim 4876, wherein heating theTirst portion comprises 
transferring heat to the first portion from heat transfer fluid flowing within one or more 
wellbores within the formation. / 

488 1 . The method of claim 4880, wherehytM heat transfer fluid comprises steam. 

4882. The method of claim 48&flCwhereir( the heat transfjer/rluid comprises combustion 
products from a burner. / / / / 

4883. The method of claim 4876, wherein heating the first portion comprises 
transferring heat to the/first portioii/from at bast two heater wells positioned within the 
formation, wherein thi at least two heatej/wells are p/aced in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit, and wherein the baW4ie^efumt is formed of ^ number of heater wells. 

4884. The method of claim 4883, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 15 m. 

4885. The method of claim 4883, further comprising removing fluid from the formation 
through one or more production wells. 

4886. The metnod of claim 4885, wherein the one or more production wells are located 
in a pattern, and wherein the one or more production wells are positioned substantially at 
centers of base heater units. 
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4887. The method of claim 4883, wherein the heater unit comprise/three heater wells 
positioned substantially at apexes of an equilateral triangle. / 



4888. The method of claim 4883, wherein the heater unit cc^mprises four heater wells 
positioned substantially at apexes of a rectangle. 

4889. The method of claim 4883, wherein the heater/dnit comprises five heater wells 
positioned substantially at apexes of a regular pentagon. 

4890. The method of claim 4883, wherein the neateramit^pmprises six heater wells 
positioned substantially at apexes of a regular/pentagon. 

4891 . The method of claim 4876, fjinhe/ comprising iijt/o/lucing water to the first 
portion to cool the formation. 

4892. The method of cle^m 4876, j&rther coir^rising Removing steam from the 
formation. 



4893. The method of claim 4892, ferther comprising using a portion of the removed 
steam to heat a second^^i^npfthe formation. 

4894. The method of cl^im 4876, further comprising removing pyrolyzation products 
from the formation. 



4895. The methoa of claim 4876, further comprising generating synthesis gas within the 
portion by introducing a synthesis gas generating fluid into the portion, and removing 
synthesis gas from the formation. 



4896. The method of claim 4876, further comprising heating a second section of the 
formation to pyrolyze hydrocarbons within the second portion, removing pyrolyzation 
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fluid from the second portion, and storing a portion of the removed/pyrolyzation fluid 
within the first portion. / 



4897. The method of claim 4896, wherein the portion of me removed pyrolyzation fluid 
is stored within the first portion when surface facilities that process the removed 
pyrolyzation fluid are not able to process the portion of the removed pyrolyzation fluid. 

4898. The method of claim 4896, further comprising heating the first portion to 
facilitate removal of the stored pyrolyzation flui<a from the first portion. 

4899. The method of claim 4876, further comprising generating synthesis gas within a 
second portion of the formation, remoymg/synthesis gas from the second portion, and 
storing a portion of the removed synthesis gas withh^he first portion. 

4900. The method of claim 4899, Wherein the portion of the removed synthesis gas from 
the second portion are stored within the fim port/on when surface facilities that process 
the removed synthesi/gas are n(^i able \p process the portion of the removed synthesis 
gas. 

4901 . The method ^|^laiD^4899, further comprising heating the first portion to 
facilitate removal of the scored synthesis gas fr^m the first portion. 

4902. The method of claim 4876, further comprising removing at least a portion of 
carbon containing material in the first portion and, further comprising using at least a 
portion of the carpon containing material removed from the formation in a metallurgical 
application. 

4903. The/method of claim 4902, wherein the metallurgical application comprises steel 
manufacturing. 
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4904. A method of sequestering carbon dioxide within a hydrocapon containing 
formation, comprising: 

heating a portion of the formation to increase permeability and form a 
substantially uniform permeability within the portion; 
allowing the portion to cool; and 
storing carbon dioxide within the portion. 

4905. The method of claim 4904, wherein the permeability of the portion is increased to 
over 100 millidarcy. 

4906. The method of claim 4904, further comprising raising a water level within the 
portion to inhibit migration of the carbon^ioxide from the^pbrtion. 



4907. The method of claim 49j34, further compri^ing^eating the portion to release 
carbon dioxide, and removing carbon/dioxide from the portion. 



4908. The method of^laim 4904( further comprising pyrolyzing hydrocarbons within 
the portion during heating of th^portipn, and removing pyrolyzation product from the 
formation. 



4909. The method of claim 4904, further comprising producing synthesis gas from the 
portion during the heating of the portion, and removing synthesis gas from the formation. 



4910. The method ot claim 4904, wherein heating the portion comprises: 

heating carbon containing material adjacent to one or more wellbores to a 
temperature sufficient to support oxidation of the carbon containing material with an 
oxidizing fluid: 

introducing the oxidizing fluid to carbon containing material adjacent to the one 
or more wewbores to oxidize the hydrocarbons and produce heat; and 
conveying produced heat to the portion. 
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491 1. The method of claim 4910, wherein heating carbon containing material adjacent 
to the one or more wells comprises electrically heating the carbon Containing material. 

4912. The method of claim 4910, wherein the temperature sufficient to support 
oxidation is in a range between approximately 200°C to approximately 1200 °C. 



. Fit 



4913. The method of claim 4904, wherein heating the pfortion comprises circulating heat 
transfer fluid through one or more heating wells within the formation. 

10 4914. The method of claim 4913, wherein the ^at transfer fluijd comprises combustion 
products from a burner. 

4915. The method of claim 4913/wherein/he heat transfer fluid comprises steam. 



m 15 



ty 



4916. The method of claim 4904, further comprising removing fluid from the formation 
during heating of the formation, and (^mbusjing a portion of the removed fluid to 
generate heat to heat the formation. > 



20 



25 



4917. The method of claim 4904yfurther comprising using at least a portion of the 



carbon dioxide for hydrocarbon bed demethan; 
within the portion. 



ition prior to storing the carbon dioxide 



491 8. The method of cjaim 4904, further con^prising using a portion of the carbon 
dioxide for enhanced oil recovery prior to storing the carbon dioxide within the portion. 



4919. The method of claim 4904, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide generated in a fuel cell. 



30 



4920. The method of claim 4904, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide formed as a combustion product. 
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4921 . The method of claim .4904, further comprising allowing the portion to cool by 
introducing water to the portion; and removing the water from the/formation as steam. 



4922. The method of claim 492 1, further comprising using the steam as a heat transfer 
fluid to heat a second portion of the formation. / 

4923. The method of claim 4904, wherein storing carkfon dioxide in the portion 
comprises adsorbing carbon dioxide to carbon containing material within the formation. 

4924. The method of claim 4904, wherein storing carbondiwdde comprises passing a 
first fluid stream comprising the carbon dioxide and<(5ther fluid flhrough the portion; 
adsorbing carbon dioxide onto carbon containing material withp the formation; and 
removing a second fluid stream from theTc/rmation, whereir/a/concentration of the other 
fluid in the second fluid stream is gi^q/than concentr^ti^of other fluid in the first 
stream due to the absence of th^adsorbfed carbon dioxid/^ in the second stream. 

4925. The method of claim 4904, /wherein an/Bmouilt of carbon dioxide stored within 
the portion is equal to or greater than an amount of carbon dioxide generated within the 
portion and removed from the formatioji^uring he/ating of the portion. 

4926. The method of daim(3904, further comprising providing heat from three or more 
heat sources to at least a nortion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of [heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4927. The method of claim 4904, further comprising providing heat from three or more 
heat sources to a/least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4928. A method of in situ sequestration of carbon dioxide wittyn a hydrocarbon 
containing formation in situ, comprising: 

providing heat from one or more heat sources to at l^ast a first portion of the 
formation; 

allowing the heat to transfer from one or more sburces to a selected section of the 
formation such that the heat from the one or more heat sources pyrolyzes at least some of 
the hydrocarbons within the selected section of the/rormation; 

producing pyrolyzation fluids, wherein tl)e pyrolyzation fluids comprise carbon 
dioxide; and 

storing an amount of carbon dioxide iA the formation, wherein the amount of 
stored carbon dioxide is equal to or greater ^an .atflimount of carbon dioxide within the 
pyrolyzation fluids. 



4929. The method of claim 492 
least two heat sources, and 
sources pyrolyzes at least 
formation. 



wherein the one q{ jAore heat sources comprise at 
wtierein superposition^ f bfeat from at least the two heat 
me hydrocarbons ^vithiyl the selected section of the 



4930. The method of claim 4)928, \^herein the (/arbon dioxide is stored within a spent 
portion of the formation. 

493 1 . The method of cla/m 4928, wherein a pbrtion of the carbon dioxide stored within 




the formation is carbon dioxide separated from 



the pyrolyzation fluids. 



\ 

4932. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the py/olyzation fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovery. 

4933. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a synthesis gas 
generating fluid for the generation of synthesis gas from a section of the formation that is 
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heated to a temperature sufficient to generate synthesis gas upon ir^foduction of the 
synthesis gas generating fluid. 

4934. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon/aioxide to displace 
hydrocarbon bed methane. 

4935. The method of claim 4934, wherein the hydrocarbon bed is a deep hydrocarbon 
bed located over 760 m below ground surface. 

4936. The method of claim 4934, further conT^rtsmg adsorbing a portion of the carbon 
dioxide within the hydrocarbon bed. 

4937. The method of claim 49^,-further/comprisir^u^ng at least a portion of the 
pyrolyzation fluids as a feed/stream for ar fuel cell 




4938. The method of\claim 4937, wherein the fuel dell generates carbon dioxide, and 
further comprising storing an amount of carbon dioxide equal to or greater than an 
amount of carbon dioxide generated by4he fuel celj within the formation. 

4939. The method claim 4#>S, wherein a spent portion of the formation comprises 
carbon containing material Within a section of the formation that has been heated and 
from which condensable hydrocarbons have been produced, and wherein the spent 
portion of the formation is at a temperature at which carbon dioxide adsorbs onto the 
carbon containing material. 

4940. The methoc^of claim 4928, further comprising raising a water level within the 
spent portion to iimibit migration of the carbon dioxide from the portion. 



4941. The method of claim 4928, wherein producing fluids from the formation 
comprises removing pyrolyzation products from the formation. 
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4942. The method of claim 4928, wherein producing fluids fr&m the formation 
comprises heating the selected section to a temperature sufficient to generate synthesis 
gas; introducing a synthesis gas generating fluid into the selected section; and removing 
synthesis gas from the formation. 

4943. The method of claim 4942, wherein the temperature sufficient to generate 
synthesis gas ranges from about 400 °C to about 1/zOO °C. 

4944. The method of claim 4942, wherein heaung the : elected section comprises 
introducing an oxidizing fluid into the selected section, feting the oxidizing fluid within 
the selected section to heat the seleaed section. 

4945. The method of clajm 4942, wljerein heatip^ the selected section comprises: 
heating carbon containing material adjafcen^to one or more wellbores to a 

temperature sufficierji to support (^xidationyof theyfcarbon containing material with an 
oxidant; 



introducing 



wellbores to oxidize the hydrocarbons and pre 
conveying produce^Hieat to the portion 




the oxidanl/to carbon containing material adjacent to the one or more 



uce heat; and 



4946. The method of daim 4928, wherein the spent portion of the formation comprises 
a substantially uniforai permeability created by heating the spent formation and removing 
fluid during formation of the spent portion. 

4947. The method of claim 4928, wherein the one or more heat sources comprise 
electrical heaters. 



4948. The method of claim 4928, wherein the one or more heat sources comprise 
flameless distributor combustors. 
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4949. The method of claim 4948, wherein a portion of fuel for tne one or more 
flameless distributor combustors is obtained from the formation. 

4950. The method of claim 4928, wherein the one or more heat sources comprise heater 
wells in the formation through which heat transfer fluici is circulated. 

495 1 . The method of claim 4950, wherein the he^i transfer fluid comprises combustion 
products. 

4952. The method of claim 4950, wherein the heat transfer fluid comprises steam. 

4953. The method of claim 4928, wher^Wcondensable hydrocarbons are produced 
under pressure, and further comprisip^generating electricity by passing a portion of the 
produced fluids through a turbir 

4954. The method of cjaim 4928, further efomprising providing heat from three or more 
heat sources to at leasi a portion of the forma/ion, wherein three or more of the heat 
sources are located/in the fonnation m a un^t of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4955. The method of c lai 
heat sources to af 



4928, further comprising providing heat from three or more 
portion of the formation, wherein three or more of the heat 



sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4956. A method for in situ production of energy from a hydrocarbon containing 
formation, comprising: 

/providing heat from one or more heat sources to at least a portion of the 
formation: 
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allowing the heat to transfer from the one or more heat sources/fo a selected 
section of the formation such that the heat from the one or more heat/sources pyrolyzes at 
least a portion of the hydrocarbons within the selected section of tKe formation; 

producing pyrolysis products from the formation; 

providing at least a portion of the pyrolysis products \(f a reformer to generate 
synthesis gas; 

producing the synthesis gas from the reformer; 

providing at least a portion of the produced synthesis gas to a fuel cell to produce 
electricity, wherein the fuel cell produces a carbon dioxide containing exit stream; and 

storing at least a portion of the carbon dioxijae in the carbon dioxide containing 
exit stream in a subsurface formation. 

4957. The method of claim 4956, wherein tty|^ne or mo repeat sdurces comprise at 
least two heat sources, and wherein superstition of heat from at least the two heat 
sources pyrolyzes at least some hydrdcar^ons withinythe /elected section of the 
formation. 

4958. The method of cl^im 4956, ^herein ^/least a/portion of the pyrolysis products are 
used as fuel in the reformer. 

4959. The method of claim 4^56 5y ymerein the synthesis gas comprises substantially of 
H 2 . 

4960. The method of cl^im 4956, wherein the subsurface formation is a spent portion of 
the formation. 

496 1 . The methoci of claim 4956, wherein the subsurface formation is an oil reservoir. 



4962. The metnod of claim 4961, wherein at least a portion of the carbon dioxide is used 
as a drive Aura for enhanced oil recovery in the oil reservoir. 
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4963. The method of claim 4956, wherein the subsurface formation p a hydrocarbon 
formation. / 



4964. The method of claim 4956, wherein at least a portion yf the carbon dioxide is used 
to produce methane from the hydrocarbon formation. 

4965. The method of claim 4963, wherein the coal fo/mation is located over about 760 
m below ground surface. 



4966. The method of claim 4964, further comprising sequestering at least a portion of 
the carbon dioxide within the hydrocarbon formation. 




4967. The method of claim 4956, wherein thej^former produces a reformer carbon 
dioxide containing exit stream. 



4968. The method of claim 496^rarther comprising storing at least a portion of the 
carbon dioxide in the reformer :arj^on dioxide c^ntaiiyiig exit stream in the subsurface 
formation. 

4969. The method of c(laim^968, w)^rein the subsurface formation is a spent portion of 
the formation. 



4970. The method of olaim 4968, wherein the subsurface formation is an oil reservoir. 



east a portion of the carbon dioxide in the 



4971. The method/of claim 4970, wherein at 

reformer carbon dioxide containing exit stream' is used as a drive fluid for enhanced oil 
recovery in the/oil reservoir. 



4972. Th^method of claim 4968, wherein the subsurface formation is a hydrocarbon 
formatior 
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4973. The method of claim 4872, wherein at least a portion of the/carbon dioxide in the 
reformer carbon dioxide containing exit stream is used to produce methane from the 
hydrocarbon formation. / 



4974. The method of claim 4972, wherein the hydrocarb/n formation is located over 
about 760 m below ground surface. 



4975. The method of claim 4973, further comprising sequestering at least a portion of 
the carbon dioxide in the reformer carbon dioxide/ontaining exit stream within the 
hydrocarbon formation. 




4976. The method of claim 4956, wherein^he fuel cell isa molten carbonate fuel cell. 



4977. The method of claim 495)6; wherein the fue^cell/s a solid oxide fuel cell. 

4978. The method of claim 4956, mrther cdmprisii/g using a portion of the produced 
electricity to power electrical heat/rs within the formation. 



4979. The method of claim4956, further comprising using a portion of the produced 



pyrolysis products as a feed/stream for the fuel 



ell. 



4980. The method of claim 4956, wherein thelone or more heat sources comprise one or 
more electrical heateps disposed in the formation. 



4981. The method of claim 4956, wherein the one or more heat sources comprise one or 
more flameless/distributor combustors disposed in the formation. 



4982. The method of claim 498 1 , wherein a portion of fuel for the flameless distributor 
combustors is obtained from the formation. 
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4983. The method of claim 4956, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a condmt disposed within 
the formation, and further comprising heating the conduit by flowirig a hot fluid through 
the conduit. / 

4984. The method of claim 4956, further comprising using^a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. / 

4985. A method for producing ammonia using a carbpn containing formation, 
comprising: / 

separating air to produce an O2 rich stream/and a N2 rich stream; 

heating a selected section of the formation to atetfiperature sufficient to support 
reaction of carbon-containing material in the fc/nnmion to fcpn synthesis gas; 

providing synthesis gas generating fMd and at least/a portion of the O2 rich 
stream to the selected section; / J / 

allowing the synthesis gas generating fluid and O2 in the O2 rich stream to react 
with at least a portion of the carbon-containing material in the formation to generate 
synthesis gas; I /I 

producing synthesis gas from the formation, wherein the synthesis gas comprises 
H 2 and CO; I 

providing at least a portion of the H2 in the synthesis gas to an ammonia synthesis 
process; / ( 

providing N2 to the sunmonia synthesis projcess; and 

using the ammonia synthesis process to generate ammonia. 

4986. The method of/claim 4985, wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis process is approximately 3:1. 

4987. The method of claim 4985, wherein the ratio of the H 2 to N2 provided to the 
ammonia synthesis process ranges from approximately 2.8:1 to approximately 3.2:1. 
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4988. The method of claim 4985, wherein the temperature sufficient p support reaction 
of carbon-containing material in the formation to form synthesis ga^ranges from 
approximately 400 °C to approximately 1200 °C. 

4989. The method of claim 4985, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

4990. The method of claim 4989, wherein the carbon^ioxide is separated from the 
synthesis gas by an amine separator. 

4991. The method of claim 4990, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process to prMtf^e urea. 

4992. The method of claim 4985, wherein/at least a portioiVof the N2 stream is used to 
condense hydrocarbons with 4 or n^ore carbon atoms from/a pyrolyzation fluid. 

4993. The method of claim/4985, wherein at lea^t 1 pcjrtion of the N 2 rich stream is 
provided to the ammonia Synthesis process. 



4994. The method of d 



aim 4985, wherein the air is separated by cryogenic distillation. 



4995. The method of cl^mu498^; wherein the air/ is separated by membrane separation 



4996. The method of claim 4985, wherein fluids 



produced during pyrolysis of a 



hydrocarbon containing/formation comprise ammonia and, further comprising adding at 
least a portion of such/ammonia to the ammonia generated from the ammonia synthesis 
process. 



4997. The method of claim 4985, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
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hydrotreating, and, further comprising adding at least a portion of such ^ammonia to the 
ammonia generated from the ammonia synthesis process. 

4998. The method of claim 4985, further comprising providing ^ least a portion of the 
ammonia to a urea synthesis process to produce urea. 

4999. The method of claim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, /further comprising providing 
carbon dioxide from the formation to the urea synthesis /process. 

5000. The method of claim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising shifting at 
least a portion of the carbon monoxide to carbon/dioxide in a shift process, and further 
comprising providing at least a portion of the (^arbon dioxide from the shift process to the 
urea synthesis process. 



5001. The method of claim 4985, wherofn bating the selected section of the formation 
to a temperature to support reaction of j&rbon containing / m^erial in the formation to 
form synthesis gas comprises: 

heating zones adjacent tc/w^flbores of oi>^ or m^re heat sources with heaters 
disposed in the wellbores, whereir/the heater/are configured to raise temperatures of the 
zones to temperatures sufficient (o suppo/treaction <jff carbon-containing material within 
the zones with O2 in the 1 

introducing the O2U0 the zefhes substantial^ by diffusion; 
allowing O2 in the G^rich stream to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 



transferring heat from the zones to the se 



ected section. 



5002. The methocr of claim 5001, wherein temperatures sufficient to support reaction of 
carbon-containing material within the zones with O2 range from approximately 200 °C to 
approximately 1200 °C. 
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5003. The method of claim 5001, wherein the one or more heat/sources comprises one 
or more electrical heaters disposed in the formation. / 



5004. The method of claim 5001, wherein the one or mpre heat sources comprises one 
or more natural distributor combustors. 

5005. The method of claim 5001, wherein the one; or more heat sources comprise one or 
more heater wells, wherein at least one heater wdl comprises a conduit disposed within 
the formation, and further comprising heating ^ne conduit by flowing a hot fluid through 
the conduit. 

5006. The method of claim 5001 , furthe^omprising u^ing a portion of the synthesis gas 
as a combustion fuel for the one or mdre heat sources^ 



5007. The method of clairn4985, \£herein heating the selected section of the formation 
to a temperature to support reactio^i of cartyem c^fitaining material in the formation to 
form synthesis gas comprises: 

introducing the O2 rich kxezxrf into th6 formation through a wellbore; 
transporting O2 in the/67/ich stream substantially by convection into the portion 
of the selected seciion, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting the O2 within the portioi^ of the selected section to generate heat and raise 
the temperature of the portion. 



5008. The method pf claim 5008, wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200 °C to approximately 1200 
°C. 



5009. The method of claim 5008, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 
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5010. The method of claim 5008, wherein the one or more heat Sources comprises one 
or more natural distributor combustors. / 



501 1 . The method of claim 5008, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the cojrtauit by flowing a hot fluid through 
the conduit. 

5012. The method of claim 5008, further con/prising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5013. The method of claim 4985, further cmliprising controlling the heating of at least 
the portion of the selected section ancLprovision of thjfc synthesis gas generating fluid to 
maintain a temperature within at^ast the portiorvovthe selected section above the 
temperature sufficient to generate synthesis ga/ 

5014. The method of/laim 49js5, wherein the/synthesis gas generating fluid comprises 
liquid water. 



5015. The metho<p of claiip 4^85, wherein^he synthesis gas generating fluid comprises 
steam. 

5016. The method of Zlaim 4985, whereiA the synthesis gas generating fluid comprises 
water and carbon dioxide wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



5017. The method of claim 5016, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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5018. The method of claim 4985, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts ;with carbon in the 
formation to generate carbon monoxide. / 



5019. The method of claim 5018, wherein a portion of the/carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5020. The method of claim 4985, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least/the portion of the selected section. 

502 1 . A method for producing ammoniarlas/ng a carboj^containing formation, 
comprising: 

generating a first ammonia feed stream frdm/k first portion of the formation; 
generating a second / ^mmonia fped strewn from a second portion of the formation, 
wherein the second amrrionia feed stream has a U2 to N2 ratio greater than a H2 to N 2 ratio 




ammc 

of the first ammonia feed stream; 



blending at least a portion/of 

of the second ammonia feed stn 

selected H2 to NVratio; 

providing the blende^ ammonia feed 
using the^mnipri^^ proces 



tmmonia feed stream with at least a portion 
:e a blended ammonia feed stream having a 

stream to an ammonia synthesis process; and 
to generate ammonia. 



5022. The method of^laim 5021, wherein the selected ratio is approximately 3:1*. 

5023. The methodyof claim 5021, wherein the selected ratio ranges from approximately 
2.8:1 to approximately 3.2:1. 



5024. The method of claim 5021 , further comprising separating at least a portion of 
carbon dioxide in the first ammonia feed stream from at least a portion of the first 
ammonia feed stream. 
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5025. The method of claim 5024, wherein the carbon dioxide is separated from the first 
ammonia feed stream by an amine separator. / 



5026. The method of claim 5025, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 

5027. The method of claim 502 1 , further comprisins^separating at least a portion of 
carbon dioxide in the blended ammonia feed strearr/ from at least a portion of the blended 
ammonia feed stream. 

5028. The method of claim 5027, wherein ttfe carbonj£io:£i3^ is separated from the 
blended ammonia feed stream by an amine/separ#t6r. 

5029. The method of claim 5028, furtner comprisingy^oviding at least a portion of the 
carbon dioxide to a urea synthesis^rocess 

5030. The method of clajim 5024, further c^mppfsing separating at least a portion of 
carbon dioxide in the second ammonia ££ed stream from at least a portion of the second 

ammonia feed stream! 

I 

503 1 . The method of cl&m 5030, wherein the carbon dioxide is separated from the 



second ammonia feed ^xream by an amine separator. 

5032. The methocr of claim 503 1, further comprising providing at least a portion of the 
carbon dioxide tp a urea synthesis process. 

5033. The/method of claim 5021, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia arid, further comprising adding at 
least a portion of such ammonia to the ammonia generated from the ammonia synthesis 
process. 
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5034. The method of claim 502 1 , wherein fluids produced during/pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
hydrotreating, and further comprising adding at least a portio/of such ammonia to the 

5 ammonia generated from the ammonia synthesis process. 

5035. The method of claim 502 1 } further comprisin^providing at least a portion of the 
ammonia to a urea synthesis process to produce ure 

10 . 5036. The method of claim 5021, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the u/ea synthesis^process. 



5037. The method of claim 5021, furtM^r comprising/providing at least a portion of the 
15 ammonia to a urea synthesis process to produce urea/and further comprising shifting at 

least a portion of carbon monoxide m the blendea ^unmonia feed stream to carbon dioxide 
in a shift process, and further comprising providing at least a portion of the carbon 
dioxide from the shift process to the urea^nthesis process. 



ft E 

o 



25 



30 



5038. A method fpr produ^ng anjmonia us/ng a carbon containing formation, 
comprising: 

heating a (selected^ sepflon of the formation to a temperature sufficient to support 
reaction of carbon-bont^ining material in the formation to form synthesis gas; 

providing a synthesis gas generating fluid and an O2 rich stream to the selected 
section, wherein the^ amount of N2 in the O2 rich stream is sufficient to generate synthesis 
gas having a selected ratio of H2 to N2; 

allowing the synthesis gas generating fluid and O2 in the O2 rich stream to react 
with at least a/portion of the carbon-containing material in the formation to generate 
synthesis gas having a selected ratio of H2 to N2; 

producing the synthesis gas from the formation; 
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providing at least a portion of the H2 and N2 in the synthesis 
synthesis process; / 
using the ammonia synthesis process to generate ammonia. 



to an ammonia 



5039. The method of claim 5038, further comprising controlling a temperature of at 
least a portion of the selected section to generate synthesis/gas having the selected H2 to 
N2 ratio. 

5040. The method of claim 5038, wherein the selected ratio is approximately 3:1/ 

5041 . The method of claim 5038, wherein the s^ll^fed^^ from approximately 
2.8:1 to 3.2:1. 

5042. The method of claim 5038, Wnerein/the temperature^fricient to support reaction 
of carbon-containing material iivme formation to form ^ymfyesis gas ranges from 
approximately 400 °C to appr6ximately/l200 °C. 

5043. The method of claim 5038, yherein t£e O2 strea^i and N 2 stream are obtained by 
cryogenic separation of/air. 



5044. The method of cWn 5(£^wherein the O2 sti 
membrane separation of air. 



earn and N2 stream are obtained by 



5045. The method of claim 5038, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 



5046. The method of claim 5045, wherein the carbon dioxide is separated from the 
synthesis gas by an/amine separator. 



5047. The method of claim 5046, further comprising providing at least a portion of the 
carbon dioxide 10 a urea synthesis process. 
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5048. The method of claim 5038, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such ammonia to the ammonia generated fropi the ammonia synthesis 
process. 

5049. The method of claim 5038, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least spme ammonia is produced during 
hydrotreating, and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 



5050. The method of claim 5038, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce 




505 1 . The method of claim 5038 Jtfrthei? comprising prcmdyig at least a portion of the 
ammonia to a urea synthesis process to produce urea arm, further comprising providing 
carbon dioxide from the formation to tne urea synthesis process. 



5052. The method oy claim 5038, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce u/ea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further o^prisin^iroviding at leapt a portion of the carbon dioxide from 
the shift process to the urea synthesis process. 

5053. The method of claim 5038, wherein heating a selected section of the formation to 

7 \. 

a temperature to support reaction of carbon containing material in the formation to form 
synthesis gas comprises: 

heating zon^s adjacent to wellbores of one or more heat sources with heaters 
disppsed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones witl/O? in the rich stream; 
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introducing the O2 to the zones substantially by diffus 

allowing O2 in the O2 rich stream to react with at least a portion of the carbon- 
containing material within the zones to produce heatirKfie zones^and 
transferring heat from the zones to the selected section.> 

5054. The method of claim 5053, wherein temperatures sufficient to support reaction of 
carbon-containing material within Jne zones with O2 rai^ge from approximately 200 °C to 
approximately 1200 °C. 



hi 
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5055. The method of claim/5053, wherein the o/e or more heat sources comprises one 
or more electrical heaters disposed in. the formation. 



5056. The method of cla; 
or more natural distributor 



m 5053, wherei/i the one or ^more heat sources 
combustors. 



comprises one 



5057. The method of claim 5Q5 3, wh grein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

5058. The method of cladm 5053, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



5059. The method^ of claim 5038, wherein heating the selected section of the formation 
to a temperature/to support reaction of carbon containing material in the formation to 
form synthesis/gas comprises: 

introducing the O2 rich stream into the formation through a wellbore; 
transporting O2 in the O2 rich stream substantially by convection into the portion 
of the selected section, wherein the portion of the selected section is at a temperature 
sufficie/it to support an oxidization reaction with O2 in the O? rich stream; and 
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reacting the O2 within the portion of the selected section to gei 
the temperature of the portion. / 



rate heat and raise 



5060. The method of claim 5059, wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200/C to approximately 1200 
°C. 

5061 . The method of claim 5059, wherein the one 05/more hgat-soui;ces comprises one 
or more electrical heaters disposed in the formatior 

5062. The method of claim 5059, wherpir th^/one or more heat screes comprises one 
or more natural distributor combustors. 

5063. The method of claim/5059, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least onp heater well comprises a conduit disposed within 
the formation, and furtj/er comprisipfg heating th^conduit by flowing a hot fluid through 
the conduit. 

5064. The method o\f claim 5i)59, former comprising us/ng a portion of the synthesis gas 
as a combustion fuel foNthe on&vr more heat sources. 



5065. The method of claim 5038, further comprising controlling the heating of at least 
the portion of the sel^/ted section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



5066. The method of claim 5038, wherein the synthesis gas generating fluid comprises 
liquid water. 

5067/ The method of claim 5038, wherein the synthesis gas generating fluid comprises 
stea 
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5068. The method of claim 5038, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. / 

5069. The method of claim 5068, wherein a portion pf the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5070. The method of claim 5038, wherein the/synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the /arj^etf'dioxnie reacts with carbon in the 
formation to generate carbon monoxide^// /a 

5071 . The method of claim 5(^70, wherein a portion^f4ne carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5072. The method of daim 503$, wherein providing the synthesis gas generating fluid 
to at least the portion iof the selected secjtion comprises raising a water table of the 
formation to allow water to flow into'the at least the portion of the selected section. 

5073. A method for producing ammonia using a carbon containing formation, 
comprising: / 

providing a first stream comprising N2 and carbon dioxide to the formation; 
allowing at4east a portion of the carbon dioxide in the first stream to adsorb in the 
formation; / 

producing a second stream from the formation, wherein the second stream 
comprises a l6wer percentage of carbon dioxide than the first stream; 

providing at least a portion of the N2 in the second stream to an ammonia 
synthesig process. 

501 jl. The method of claim 5073, wherein the second stream comprises H2 from the 
formation. 
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5075. The method of claim 5073, wherein the first stream is p/6duced from a carbon 
containing formation. 

5076. The method of claim 5075, wherein the first stresim is generated by reacting a 
oxidizing fluid with carbon containing material in the/formation. 
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5077. The method of claim 5073. wherein the second stream comprises H2 from the 
formation and, further comprising providing sxwfHj to the ammonia synthesis process. 

5078. The method of claim 5073 y further/omprising yfing the ammonia synthesis 
process to generate ammonia. 

5079. The method of cjaim 5078, ^herein fluids produced during pyrolysis of a 
hydrocarbon containing formatior/comprise^mmonia and, further comprising adding at 
least a portion of s\xcf\ ammoniayto the aipfnonia generated from the ammonia synthesis 
process. 

5080. The method of cTa5rT5078 5 wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
hydrotreating, and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 



25 



508 1 . The method of claim 5078. further comprising providing at least a portion of the 
ammonia to a i/rea synthesis process to produce urea. 



5082. Thernethod of claim 5078, further comprising providing at least a portion of the 
ammonia/to a urea synthesis process to produce urea and, further comprising providing 
carbon aioxide from the formation to the urea synthesis process. 
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5083. The method of claim 5078, further comprising providing art least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. / 

5084. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: Z^^^i 

providing heat from one or more heat^aurces to at least one portion of the 
permeable formation; f J j 

allowing the heat to transfepTrom the one or more/peat sources to a selected 
mobilization section of the perafeable formation such mai the heat from the one or more 
heat sources can mobilize af least somyof the hydnefcarbons within the selected 
mobilization section of t#e permeable formation; / 

controlling the/neat from the one orinore heat /sources such that an average 
temperature within at least a majority of>me selected mobilization section of the 
permeable formation is less than abput 150°C; / 

allowing the heat to trapsfer from the one or/ more heat sources to a selected 
pyrolyzation section ofthe/permeable formation such that the heat from the one or more 
heat sources can pyrolyzp at least some of the hydrocarbons within the selected 
pyrolyzation section of/the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature withiryat least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; and 

producing a mixture from the permeable formation. 

5085. The/method of claim 5084, wherein the one or more heat sources comprise at 
least two /heat sources, and wherein superposition of heat from the one or more heat 
sources/can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 
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5086. The method of claim 5084, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within/he selected pyrolyzation 
section of the permeable formation. 

5087. The method of claim 5084, wherein the one or nj6re heat sources comprise 
electrical heaters. 

5088. The method of claim 5084, wherein the^oij^or m^e heat sources comprise 
surface burners. 

5089. The method of claim 5^84, wherein/fhe one oj^ore heat sources comprise 
flameless distributed comoustors. 

5090. The methoc^of claim 5084, w^ereij^fhe onfi or more heat sources comprise natural 
distributed combustors. 



5091 . The method of claim 5^84, further comprising disposing the one or more heat 
sources horizontali$c^ilh^tb& permeable formation. 

5092. The method of claim 5084, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



5093. The method of claim 5084, further comprising controlling the heat such that an 
average heatii/g rate of the selected pyrolyzation section is less than about 15 °C/day 
during pyro/ysis. 



5094. The method of claim 5084, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 
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heating a selected volume (F) of the hydrocarbon contarfting permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(C v ) s and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 
wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation. p B is formation bulk density, and \^ereiputhgTigaiing rate is less than about 10 
°C/day. ] 

5095. The method of claim 5084<\vhecein allowing tf^heat to transfer from the one or 
more heat sources to the selepfed mobilization se^on/and/or the selected pyrolyzation 
section comprises transfepnng heat substantially by Conduction. 

5096. The method pf claim 50&4, wherein producing the mixture from the permeable 
formation further comprises producing mixture/having an API gravity of at least about 
25°. j 1/ / 

5097. The method of clafim 5084, wherein tpe produced mixture comprises condensable 
hydrocarbons, and whe/ein less than about Q.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 

5098. The method of claim 5084, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, ywhen calculated on an atomic basis, is oxygen. 

5099. Th(/method of claim 5084, wherein the produced mixture comprises sulfur, and 
wherein l/ss than about 5 % by weight, of the condensable hydrocarbons, when 
calculated on an atomic basis, is sulfur. 
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5 1 00. The method of claim 5084, further comprising controlling & pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. / 



5101. The method of claim 5084, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

5 102. The method of claim 5084, furthe/ comprising: 
providing hydrogen (H2) to the heated section tojiy^lrogenate hydrocarbons within 

the section; and 

heating a portion of the section withlieat from hydfcjtfgenation. 



5 103. The method of claim^084, wherein thepp6,du^ed mixture comprises condensable 
hydrocarbons and hydrogen, the memod furtj^r comprising hydrogenating a portion of 
the produced condensable hydrocarbons vnth/at least a portion of the produced hydrogen. 



5 104. The method of claim 5084/ therein producing the mixture from the permeable 
formation further comprises/producing the mixture in a production well, wherein the 
heating is controlled^suettAhat the mixture can be produced from the permeable 
formation, and wherein ,at least about 4 heat sources are disposed in the permeable 
formation for each production well. 



5 105. The methoa of claim 5084, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, ar^d wherein the production well is disposed substantially horizontally within 
the permeable formation. 



5 1 06. The method of claim 5084, further comprising separating the mixture into a gas 
stream and a liquid stream. 
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5107. The method of claim 5084, further comprising separating me mixture into a gas 
stream and a liquid stream and separating the liquid stream into^an aqueous stream and a 
non-aqueous stream. 

5 108. The method of claim 5084, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore $/f the production well to inhibit 
condensation of the mixture within the wellbore. 



5 109. The method of claim 5084, wherein thjHrii^ture is produceld from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, andJurther comprising heating the 
permeable formation with the heater element to produce^e mixture, wherein the mixture 
comprises non-condensableiiydrocarbons/and H2. 



5110. The method ofplaim 5084, wherein ^4ninimi}m mobilization temperature is about 
75 °C. 



5111. The method 
270 °C. 



of claim 508^ wherein a minimum pyrolysis temperature is about 



5112. The method of claim 5084, further comprising maintaining the pressure within the 
permeable formation aboye about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 



5113. The method of claim 5084, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production ofycondensable fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. 



1001 



Conley. Rose & Tayon, P C. 



5114. The method of claim 5084, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to/about 100 bar 
absolute, as measured at a wellhead of a production well to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce Me API gravity. 

5115. The method of claim 5084, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5116. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization secuon^oftfie permeabi^ formation to the 
selected pyrolyzation section of the permeable^formation. 



5117. The method of claim 5084^nirther comprising proyfding a gas to the permeable 
formation, wherein the gas is configured tcv increase a^low of the mobilized 
hydrocarbons from the selected mobilization section of the'permeable formation to the 
selected pyrolyzation s^tion of the penpeable/fcrmatioi^ and wherein the gas comprises 
carbon dioxide. 

5118. The method 6f claim 508^further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section 91 the permeable formation, and wherein the gas comprises 
nitrogen. / y * 



5119. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the>gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
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controlling a pressure of the provided gas such that the flow of £ne mobilized 
hydrocarbons is controlled. 



5120. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of/the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that/the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure pf the provided gas is above about 2 bar 
absolute. 



5121. The method of claim 5084, further^omprising providing a gas to the permeable 
formation, wherein the gas is configtired lo increase allow of the mobilized 
hydrocarbons from the selectedinobiliziation secUor/ of the permeable formation to the 
selected pyrolyzation sectkm of the renneabl^omiation, the method further comprising 
controlling a pressure pi the provided gas such that the flow of the mobilized 
hydrocarbons is copirolled, wherein thypressj/re of the provided gas is below about 70 
bar absolute. 



5 122. A method of treating hydrocarbon containing permeable formation in situ, 
comprising: 

proviaiogjieit ^rom one or mor£ heat sources to at least one portion of the 
permeable formation*' 

allowing thereat to transfer frbm the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 



mobilization section of the permeable^formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected mobilization section of the 
permeable formation is less than about 150°C; 
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allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the /neat from the one or more 
heat sources can pyrolyze at least some of the hydrocarbons/within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; 

allowing at least some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation p the selected pyrolyzation section of 
the permeable formation; and 

producing a mixture from the perm^aMe formation. 

5 123. The method of claim 5 12Xwhereip the one jAore heat sources comprise at 
least two heat sources, and wherein superposition 7 of Keat from the one or more heat 
sources can mobilize at le^st some of ^ne hydrocarbons within the selected mobilization 
section of the permeable formation. 



5 124. The method of claim 5 12/ywherein the/one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyrolyzfe-at4ea^t / some of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. 



5 125. The method of c/aim 5 122, wherein the one or more heat sources comprise 
electrical heaters. 

5126. The method of claim 5122, wherein the one or more heat sources comprise 
surface burners. 

5 127. The method of claim 5122, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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5 128. The method of claim 5 122, wherein the one or more heat sources' comprise natural 
distributed combustors. / 



5129. The method of claim 5122, further comprising disposing tl^ one or more heat 
sources horizontally within the permeable formation. 

5130. The method of claim 5122, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

5131. The method of claim 5 122, further comprising^ontrolling the heat such that an 
average heating rate of the selected pyrolyzajion section is less than pbout 15 °C/day 
during pyrolysis. 



5132. The method of claim 5^22, wherein providing h^^t from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selectecT volume (V) of the hydpocarbon containing permeable formation 
from the one or more h^at sources, wherein Jfoe formation has an average heat 
capacity(Cv), and wherein the heating pyrolyzes at lpast some hydrocarbons within the 
selected volume of the fd 

wherein heating energy/day Provided to Xhi volume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is in average heating rate of the 
formation, p B is formation bum density, and whereip the heating rate is less than about 10 
°C/day. 



5133. The method of craim 5122, wherein allowing the heat to transfer from the one or 
more heat sources to tne selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 
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5134. The method of claim 5 1 22, wherein producing the 
formation further comprises producing a mixture. having a 
25°. / 



iixture from the permeable 
API gravity of at least about 



5135. The method of claim 5122, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 

5136. The method of claim 5 122, wherein tne^foduced mixture comprises condensable 
hydrocarbons, and wherein less than about^% by weighs pf the condensable 
hydrocarbons, when calculated on arv^toijiic basis, is pXygen. 

5137. The method of claim Si 22, wherein the pfoduce^d mixture comprises condensable 
hydrocarbons, and wherein/less than About 5 % by weight, of the condensable 
hydrocarbons, when calculated on gfn atonic basis, i? sulfur. 

5138. The method qt claim 5 1 22, fyfther comprising controlling a pressure within at 
least a majority of tbfe permeal^ formation, wherqin the controlled pressure is at least 
about 2 bar absolute. 

5139. The method of claim 5 122, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 



5 140. The method of claim 5 122, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons within 
the section; and 

heating a portion of the section with heat from hydrogenation. 
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5 141 . The method of claim 5 122, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion ot the produced hydrogen. 

5 142. The method of claim 5 122. wherein producing the mixture from the permeable 
formation further comprises producing mixture in a production well, wherein the heating 
is controlled such that the mixture can be produced from /he permeable formation, and 
wherein at least about 4 heat sources are disposed in the permeable formation for each 
production well. / 

5143. The method of claim 5122, wherein producing the mixture from the permeable 
formation further comprises producing mbtffire in a production^vell, wherein the heating 
is controlled such that the mixture carytfe produced from the permeaple formation, and 
wherein the production well is disused substantially horizontally within the permeable 
formation. / / 

5 144. The method of claim 5 1 22, further comprising separating the mixture into a gas 
stream and a liquid stream. / / I 

5 145. The method of claim 5122,/iurther comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. / \ 

5 146. The method of claiirr 5122, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production- well to inhibit 
condensation of the mixture within the wellbore. 

5 147. The method pf claim 5 122, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
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permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 

5 148. The method of claim 5 122, wherein a minimum mobilization ^mperature is about 
75 °C. 

5 149. The method of claim 5 122, wherein a minimum pyrolysi/ temperature is about 
270 °C. 

5 150. The method of claim 5 122, farther comprising mainlainingjhe-pFessure within the 
permeable formation above about 2 bar absolute to inhibj^foduction of fluids having 
carbon numbers above 25. 

5151. The method of claim 5 1 22, furthej^comprising controllingp/essure within the 
permeable formation in a range from about atmospheric pressure 10 about 100 bar 
absolute, as measured at a wellhead of a production well/to control an amount of 
condensable fluids within the fixture, wherep the pressure is/reduced to increase 
production of condensable fluids, and wherein the/pressure i$f increased to increase 
production of non-condensable fluids. 



5 1 52. The method of claim 5 r22 r £*j?mer comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 



5153. The method of claim 5 1 22, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5154. The method 0/ claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein me gas is configured to increase a flow of the mobilized 
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hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. 

5155. The method of claim 5122, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow 6f the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formatio/, and wherein the gas comprises 
carbon dioxide. 

5 156. The method of claim 5122, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to in^ease a flow fit the mobilized 
hydrocarbons from the selected mobilization Section of thfc permeable formation to the 
selected pyrolyzation section of the^erme^ole forma^yn, and wherein the gas comprises 
nitrogen. 



5157. The method of claim 5 122, ^her^mprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the seleWd^mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas su^h that the flow of the mobilized 
hydrocarbons is controlled. 

5 158. The method/of claim 5 122, further comprising providing a gas to the permeable 
formation, wherem the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. 
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5159. The method of claim 5122, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the Method further comprising 
controlling a pressure of the provided gas such that the flow/of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is below about 100 
bar absolute. 



10 



15 



20 



S3 



25 



30 



5 160. A method of treating a hydrocarbon contain^mg permeable formation in situ, 
comprising: 

providing heat from one or more heat sodrcgs-tcfat least otae portion of the 
permeable formation; 

allowing the heat to transfer frofn W one or more heats&urces to a selected 
mobilization section of the perm^ble formation such that Wneat from the one or more 
heat sources can mobilize atl^ast some c/f the hydrocarbon/ within the selected 
mobilization section of the permeable formation; 

controlling the ^eat from theZne or mor?4ieat sources such that an average 
temperature within at/least a majority of the selected mobilization section of the 



permeable formation 
allowing the 



is less than About L5t)°C; 

Wt to transferrin the one oymore heat sources to a selected 
pyrolyzation section of tfirijefmeable formation si/ch that the heat from the one or more 
heat sources can pyrolyze^t least some of the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the/heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; 

allowing/at least some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation to the selected pyrolyzation section of 
the permeable formation; 

providing a gas to the permeable formation, wherein the gas is configured to 
increase A flow of the mobilized hydrocarbons from the selected mobilization section of 
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the permeable formation to the selected pyrolyzation section of the permeable formation; 
and / 
producing a mixture from the permeable formation. / 

5161. The method of claim 5 1 60, wherein the one or more heat sources comprise at 
least two heat sources, and wherein the heat from the one or more heat sources can 
mobilize at least some of the hydrocarbons within the/Selected mobilization section of the 
permeable formation. / 

5 1 62. The method of claim 5 1 60, wherein the/one or more heat-sources comprise at 



least two heat sources, and wherein the heat from th^orie or more heat sources can 
pyrolyze at least some of the hydrocarbons' witfun the selected pyrolyzation section of the 
permeable formation. yj / / 

5163. The method of claim S^foO, Wherein the one or more heat sources comprise 
electrical heaters. / / / / 

5164. The method pf claim 5460, whereinAne one or more heat sources comprise 
surface burners. / / / / 

5165. The method otxMrtio 160, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

5 1 66. The method of claim 5 1 60, wherein the one or more heat sources comprise natural 
distributed combustors. 

5 167. The method of claim 5 1 60, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5168. The method of claim 5 1 60, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 



5 169. The method of claim 5 160, further comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation section is lesythan about 15 °C/day 
during pyrolysis. 

5 1 70. The method of claim 5 160, wherein providing hedt from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (V) of the hydrocarbor^ofitaH permeable formation 
from the one or more heat sources, wherein the foliation has an average heat 
capacity (C v ), and wherein the heating pyrj^zes ^ least some hydrocarbons within the 
selected volume of the formation; am: 

wherein heating energy/c^y provided /o the volujrfe ^ equal to or less than Pwr, 
wherein Pwr is calculated by^e equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day^ is an average heating rate of the 
formation, p 8 is formaticfn bulk density ,jtnd wherein tjie heating rate is less than about 10 
°C/day. 

5171. The method of claim 5 1(60. wherein allowing^the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

5 1 72. The method of claim 5 160, wherein producing mixture from the permeable 
formation further con^prises producing mixture having an API gravity of at least about 
25°. 



5 1 73. The method of claim 5 160, wherein the produced mixture comprises condensable 
hydrocarbonsyand wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 
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5 1 74. The method of claim 5 1 60, wherein the produced mixture Comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of thp condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen^ 

5 / 

5175. The method of claim 5160, wherein the produced ^mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weignt, of the condensable 
hydrocarbons, when calculated on an atomic basis, is/sulfur. 

10 5 1 76. The method of claim 5 1 60, further comprising controlling a pressure within at 
least a majority of the permeable formation, wh^reux^h^corttf oiled pressure is at least 
about 2 bar absolute. 



LeJ 



15 
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5 1 77. The method of claim 5 1 60^rther/comprising ahermg a pressure within the 
permeable formation to inhibit production of hydroc^Dor^s from the permeable formation 
having carbon numbers greater than about 25. 

5178. The method of claim 5160, Airthe^comprising 
providing hydrogen (H^) to /neja^ated section tp hydrogenate hydrocarbons within 

the section; and 

heating a portion of the sfection with heat froni hydrogenation. 



due 
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5179. The method of clahh 5 1 60, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



30 



5 1 80. The method/of claim 5 160, wherein producing the mixture from the permeable 
formation further/comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, ana wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. 
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5181. The method of claim 5 160, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced/from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. / 

5182. The method of claim 5 1 60, farther comprising separating the mixture into a gas 
stream and a liquid stream. / 

5183. The method of claim 5 1 60, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid^tream into ah aqueous stream and a 
non-aqueous stream. / /J J 

5 1 84. The method of claim 5 160,/raerein the mixture is produced from a production 
well, the method further comprising/neating a wdlbonyof the production well to inhibit 
condensation of the mixture/withiri the welljaore. / 

5185. The method of claim M60^wierein the mixture is produced from a production 
well, wherein a wellbore of me production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellpore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. V 

5 1 86. The method of claim 5 160, wherein a minimum mobilization temperature is about 
75 °C. / 

5 1 87. The method of claim 5 1 60, wherein a minimum pyrolysis temperature is about 
270 °C. / 
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5188. The method of claim 5 1 60, further comprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. / 

5 1 89. The method of claim 5 1 60, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well; to control an amount of 
condensable fluids within the mixture, wherein the prpsurej^rettaeed to increase 
production of condensable fluids, and wherein the pj^e^sure is increased to increase 
production of non-condensable fluids. y< / J 

5190. The method of claim 5160, fanher comprising controlling pressure within the 
permeable formation in a range from about yatmospheric pi4ssi/re to about 100 bar 
absolute, as measured at a weHhead of a production w^ll, to Control an API gravity of 
condensable fluids within tile mixture, wherein th^ressure is reduced to decrease the 
API gravity, and wherein/the pressure/is increased to reduce the API gravity. 

5191. The method of claim 5 1 6(X>#erein mobilizing/the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5192. The method of claim 5160, wherein the provided gas comprises carbon dioxide. 

5193. The method of claim 5160, wherein the provided gas comprises nitrogen. 

5 1 94. The method >of claim 5 1 60, further comprising controlling a pressure of the 
provided gas such/that the flow of the mobilized hydrocarbons is controlled. 

5195. The method of claim 5160, further comprising controlling a pressure of the 
provided gas/such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure omhe provided gas is above about 2 bar absolute. 
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5 1 96. The method of claim 5 1 60, further comprising controlling/a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons p controlled, wherein the 
pressure of the provided gas is below about 100 bar absolute. / 



5 197. A method of treating a hydrocarbon containing peyrieable formation in situ, 
comprising: 

providing heat from one or more heat sources tj6 at least one portion of the 
permeable formation; 

allowing the heat to transfer from the one oi: more heat sources to a selected 
mobilization section of the permeable formation iuch that the heat from the one or more 
heat sources can mobilize at least some of the pyjirtfcarbons Vithin the selected 
mobilization section of the permeable forpfatfon; 

controlling the heat from thexme or/more heat sourc/^ such that an average 
temperature within at least a majority of ^ne selected mp^ilization section of the 
permeable formation is less / than about/150°C; 

allowing the heat to transfer from the on/or/6iore heat sources to a selected 
pyrolyzation section pf the permeable formation srfch that the heat from the one or more 
heat sources can py/olyze at least som^of the hydrocarbons within the selected 
pyrolyzation section of the perm^ble formation; 

controlling \he heajUrom the one or niore heat sources such that an average 
temperature within at least/a majority of the selected pyrolyzation section of the 



permeable formation is less than about 375 



allowing at leasx some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation to the selected pyrolyzation section of 
the permeable formation; 

providing/a gas to the permeable formation, wherein the gas is configured to 
increase a flow/f the mobilized hydrocarbons from the selected mobilization section of 
the permeable^formation to the selected pyrolyzation section of the permeable formation; 

controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled; and 

producing a mixture from the permeable formation. 
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5 198. The method of claim 5 197, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons withirythe selected mobilization 
section of the permeable formation. 

5 199. The method of claim 5 197, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyroiyze at least some of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. 

5200. The method of claim 5 197, wherein ^K^cfiie or more he^t sources comprise 
electrical heaters. 

5201 . The method of claim 5^7, wlj^rein the one^ i^ore heat sources comprise 
surface burners. 

5202. The method of' claim 5 1 $1, wherein the orfc or more heat sources comprise 
flameless distributedfcombusfors. 

5203. The method of claim 5197, wherein th^ one or more heat sources comprise natural 
distributed combustors; 

5204. The method of claim 5 197, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 



5205. The method of claim 5197, further comprising controlling a pressure and a 
temperauire within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



1017 



Conley, Rose & Tayon. P C. 



5206. The method of claim 5197, further comprising controlling the4ieat such that an 
average heating rate of the selected pyrolyzation section is less th^n about 15 °C/day 
during pyrolysis. 



5207. The method of claim 5 1 97, wherein providing heat ^om the one or more heat 
sources to at least the portion of permeable formation cor 

heating a selected volume (F) of the hydrocarbon containing penheable formation 
from the one or more heat sources, wherein t}i^Tom>ation has an av^ge heat 
capacity(Cv), and wherein the heating pyfolyzes a/least some hydrop&rbons within the 
selected volume of the formation; 3rfa 

wherein heating energy/day provided/o the volujrfe is ec^dal to or less than Pwr, 
wherein Pwr is calculated by the equation:, 

Pwr - h*V*C v *pg 

wherein Pwr is the heating enere&/da>o# is an averasfe heating rate of the 
formation, p B is formatijon bulk density ,jrnd wherein the ^eating rate is less than about 1 0 
°C/day. 

5208. The method of claim/^197, wherein allowing the heat to transfer from the one or 

more heat sources to the selected mobilization section and/or the selected pyrolyzation 

/ \ 
section comprises transferring heat substantially by conduction. 



5209. The method of claim 5197, wherein producing the mixture from the permeable 
formation further comprises producing mixture having an API gravity of at least about 

25°, 



5210. T/he method of claim 5197, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 
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521 1 . The method of claim 5 197, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. / 



5212. The method of claim 5197, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight,/^ the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 

5213. The method of claim 5 197, further comprising controlling a pressure within at 
least a majority of the permeable formation, wher^jjrffie controlled pressure is at least 
about 2 bar absolute. 

5214. The method of claim 5 1 97/mrther comprising altering a pressure within the 
permeable formation to inhibit'productior/of hydro^bpns from the permeable formation 
having carbon numbers greater than abc/ut 25. 



5215. The method ofyclaim 5 1 97,^rther^omprising: 



gen (H2) to/the heated section to hydrogenate hydrocarbons within 



/ 



providing hydrc 
the section; and 

heating a portiok of the^ction with heat from hydrogenation. 



5216. The method of claim 5197, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



52 1 7. The method of claim 5 197, wherein producing the mixture from the permeable 
formation furtner comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation/ and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. 
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5218. The method of claim 5197, wherein producing the mixture/From the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. 

52 19. The method of claim 5 1 97, further comprising separating the mixture into a gas 
stream and a liquid stream. 



10 



Q 

Co 



W 



15 



20 



5220. The method of claim 5 197, further comprising separating the mixture into a gas 
stream and a liquid stream and separating tl)e liqipd^tream into)^ aqueous stream and a 
non-aqueous stream. 

522 1 . The method of claim 5 Wl, wtferein the mixture is pfoduced from a production 
well, the method further cmrfprising heating a wptfbore of the production well to inhibit 
condensation of the mixture within the wellbdre. 

5222. The methog of claim/5 197, wherein the mixture is produced from a production 
well, wherein a wellbore or th^{5roduction well comprises a heater element configured to 
heat the permeable ^^rr^^n^^Q^ni to the wellt^re, and further comprising heating the 
permeable formation/with the heater element to produce the mixture, wherein the mixture 
comprises non-conaensable hydrocarbons and H2' 



25 



5223. The rrjethod of claim 5 1 97, wherein a minimum mobilization temperature is about 
75 °C. 



5224. /The method of claim 5197, wherein a minimum pyrolysis temperature is about 
27o/c. 
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5225. The method of claim 5 197. further comprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. / 

5226. The method of claim 5 197, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production weU, to control an amount of 
condensable fluids within the mixture, wherein the prcssui^i^reduc^d tcyincrease 
production of condensable fluids, and wherein the ^e^sure is increasra/to increase 
production of non-condensable fluids. yi / / 

5227. The method of claim 5197, further comprising controlling/pressure within the 
permeable formation in a range from aboift atmospheric pressiW to about 100 bar 



absolute, as measured at a welLnead of a product ion / well, to control an API gravity of 
condensable fluids within the; mixturp, wherein/die pressure is reduced to decrease the 
API gravity, and wherein tne pressure is increased to reduce the API gravity. 

5228. The method of claW 5A97 y ^herein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5229. The method of claim 5197, wherein the provided gas comprises carbon dioxide. 

5230. The method^ of claim 5197, wherein the provided gas comprises nitrogen. 

523 1. The method of claim 5 197, wherein the pressure of the provided gas is above 
about 2 bar Absolute. 

5232. The method of claim 5 197, wherein the pressure of the provided gas is below 
about 70 bar absolute. 
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5233. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: / 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; / 

allowing the heat to transfer from the one or more heat/sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; / 

controlling the heat from the one or more hear sources such that an average 
temperature within at least a majority of the selected moijili2afiX)n section of the 
permeable formation is less than about 150°C; I 

allowing the heat to transfer from tji^one or more h^tfc sources to a selected 
pyrolyzation section of the permeable^rmation such th#i mp heat from the one or more 
heat sources can pyrolyze at leasj^ome o0he hydrooarbpns within the selected 
pyrolyzation section of the pemieable fcmnatiom/ / 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of tj*e selected pyrolyzation section of the 
permeable formation As less than about / J75°C; and 

producing a mixture from^me permeable/formation in a production well, wherein 
the production well iss^isg^sra substantially horizontally within the permeable formation. 

5234. The method of c\Am 5233, wherein the one or more heat sources comprise at 
least two heat sources, /and wherein superposition of heat from the one or more heat 
sources can mobilize/at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 

5235. The method of claim 5233, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyrolyze at least some of the hydrocarbons within the selected pyrolyzation 
section p{ the permeable formation. 
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5236. The method of claim 5233, wherein the one or more heat sour/es comprise 
electrical heaters. 

5237. The method of claim 5233, wherein the one or more he^ sources comprise 
surface burners. 

5238. The method of claim 5233, wherein the one or m^re heat sources comprise 
flameless distributed combustors. 

5239. The method of claim 5233, wherein the on^/or more heat sources comprise natural 
distributed combustors. 

5240. The method of claim 5233, furtherpo^iprising disp^ihg the one or more heat 
sources horizontally within the permeable formation. 

5241 . The method of claimo233, further comprisins/controlling a pressure and a 
temperature within at le^st a majoritv/of th^permeajole formation, wherein the pressure is 
controlled as a functjmi of temperapure/or the terr^perature is controlled as a function of 
pressure. 



5242. The method of claj*tf,5233, further comprising controlling the heat such that an 
average heating rate of the/selected pyrolyzafion section is less than about 15 °C/day 
during pyrolysis. 

5243. The method 6{ claim 5233, wherein providing heat from the one or more heat 
sources to at least/the portion of permeable formation comprises: 

heating d selected volume (V) of the hydrocarbon containing permeable formation 
from the one pv more heat sources, wherein the formation has an average heat 
capacity(C v X and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or/less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 
wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p & is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

5244. The method of claim 5233, wherein allowing the^heat to transfer from the one or 
more heat sources to the selected mobilization sectior/and/or the selected pyrolyzation 
section comprises transferring heat substantially by/conduction. 

5245. The method of claim 5233, wherekfproaucing mixttare from the permeable 
formation further comprises produdtfg mixture having a^ ^PI gravity of at least about 



5246. The method of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons, and whecein less thar/abom 0.5 %/by weight, of the condensable 
hydrocarbons, when calculated or/Watomic basis, is nitrogen. 

5247. The method of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 7 r/o by weight, of the condensable 
hydrocarbons, when calculated on an atomicjbasis, is oxygen. 



5248. The method of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 

5249. The method of claim 5233, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 



25°. 
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5250. The method of claim 5233, further comprising altering a pressure ^within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

5251. The method of claim 5233, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrc^enate hydrocarbons within 

the section; and 

heating a portion of the section with heat from hycfrogenation. 

5252. The method of claim 5233, wherein the pramiced mixture comprises condensable 
hydrocarbons and hydrogen, the method fur^r comprising hWrogenating a portion of 
the produced condensable hydrocarbons^ith ax least a portionf of the produced hydrogen. 

5253. The method of claim 5233( wherein producing the mixture from the permeable 
formation further comprises producing the mixU^e in a production well, wherein the 
heating is controlled such th/t the mixture can be produced from the permeable 
formation, and wherein at feast about 4 ^at sources ar</ disposed in the permeable 
formation for each production welL, 



5254. The method of claim ^233, further comprisin 
stream and a liquid stream. 



separating the mixture into a gas 



5255. The method of daim 5233, further comprising separating the mixture into a gas 
stream and a liquid s^eam and separating the liquid stream into an aqueous stream and a 
non-aqueous strear 



5256. The method of claim 5233, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 
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5257. The method of claim 5233, wherein the mixture is produced fron/ a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further Comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 

5258. The method of claim 5233, wherein a minimum mobilization temperature is about 
75 °C. 



5259. The method of claim 5233, wherein a minimum pyrolysis temperature is about 
270 °C. 

5260. The method of claim 5233, further comprising maintain/ ng the pressure within the 
permeable formation above about 2 bar ^bsonite to inhibit jarpduction of fluids having 
carbon numbers above 25. 



5261 . The method of claim/5233, further comprising controlling pressure within the 
permeable formation in arrange fromibout atmospheric pressure to about 100 bar 
absolute, as measured a/ a wellhead/of a ^production well, to control an amount of 
condensable fluids within the mixture; wherein the pressure is reduced to increase 



•essure is increased to increase 



production of condensable fluids^and wherein the p 
production of non-condensable fluids. 



5262. The method of claim 5233, further comprising controlling pressure within the 
permeable formation in/a range from about atmospheric pressure to about 100 bar 
absolute, as measured/at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 

5263. The method of claim 5233, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 



1026 



Conley, Rose & Tayon. PC. 



5264. The method of claim 5233, further comprising providing a gas 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. / 

5265. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of me permeable formation to the 
selected pyrolyzation section of the permeable formation, apdr^vherein the gas comprises 
carbon dioxide. J/^ a \ 

5266. The method of claim 5233, further^omprising proyuing a gas to the permeable 
formation, wherein the gas is configured to increase a fWw opthe mobilized 
hydrocarbons from the selected mobilizatiori section/of the permeable formation to the 
selected pyrolyzation section of/ihe permeable formation, and wherein the gas comprises 
nitrogen. / / / / 

5267. The method of claim^Sl^iafther comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section pf the permeable formation, the method further comprising 
controlling a pressure of the/provided gas such that the flow of the mobilized 
hydrocarbons is controlled. 

5268. The method of/claim 5233. further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons frorr/the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
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hydrocarbons is controlled, wherein the pressure of the provided ^as is above about 2 bar 
absolute. 



10 



5269. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of tlae permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure o0he provided gas is below about 70 
bar absolute. 



%3 
£o 
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5270. A method of treating a hydrocarbon containing p^/neable formation in situ, 
comprising: 

providing heat from on^ or more l^at souses ^6 at least one portion of the 
1 5 permeable formation; 

allowing the heat/o transfer frc(m th£ one or/more heat sources to a selected 
mobilization section of/the permeable fonnation such that the heat from the one or more 
heat sources can mobilize at least smne of the hydrocarbons within the selected 
mobilization section pf the permeable formation;] 
20 controlling the^reaHrom the one or more heat sources such that an average 

temperature within at least a/majority of the selected mobilization section of the 
permeable formation is le^than about 150°C; 

providing a gas t/the permeable format :^>n, wherein the gas is configured to 
increase a flow of the/mobilized hydrocarbons within the permeable formation; and 
25 producing a/mixture from the permeable formation. 



30 



5271. The method of claim 5270, wherein the one or more heat sources comprise at 
least two heat iources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of ttte permeable formation. 
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5272. The method of claim 5270, wherein the one or more heat sources comprise 
electrical heaters. 

5273. The method of claim 5270, wherein the one or more h^t sources comprise 
surface burners. 

5274. The method of claim 5270, wherein the one or rriore heat sources comprise 
flameless distributed combustors. 

5275. The method of claim 5270, wherein the ope or mop-heSTst^rces comprise natural 
distributed combustors. 

5276. The method of claim 5270, furtj^r comprising deposing the one or more heat 
sources horizontally within the pentieable4brmation. 

5277. The method of clainr 5270, further comprising/controlling a pressure and a 
temperature within at least a majority of Xh£ permeable formation, wherein the pressure is 
controlled as a function /bf temper^tupe^ or the temf/erature is controlled as a function of 
pressure. 

5278. The method of claim 5270, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (F) of the hydrocarbon containing permeable formation 
from the one or moreyheat sources, wherein the formation has an average heat 
capacity(Cy), and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein Heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is/calculated by the equation: 

Pwr =/h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heatingrate is less than about 10 
°C/day. / 



5279. The method of claim 5270, wherein allowing the l/eat to transfer from the one or 
more heat sources to the selected mobilization section (jomprises transferring heat 
substantially by conduction. 

5280. The method of claim 5270, further comprising controlling a pressure within at 
least a majority of the permeable formation, wtjerein the controlled pressure is at least 
about 2 bar absolute. 

5281. The method of claim 5270, wherdfiproducing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixttae can iJo& produced from the permeable 
formation, and wherein at least aboijt 4 hea£/soijrces are disposed in the permeable 
formation for each production well* 

5282. The methodof claim 52v0ywherein producing the mixture from the permeable 
formation furthe/ comprises proaucing the mixture in a production well, wherein the 



'an be produced from the permeable 

is disposed substantially horizontally within 



heating is controlled such tjfrat the mixture 
formation, and whefehftpe production well 
the permeable formatio. 



5283. The method/of claim 5270, further comprising separating the mixture into a gas 



stream and a liquid stream. 



5284. The method of claim 5270, further comprising separating the mixture into a gas 
stream and a/liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 
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5285. The method of claim 5270, wherein the mixture is produced/from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore.. / 



5286. The method of claim 5270. wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprise? a heater element configured to 
heat the permeable formation adjacent to the wellbore, afnd further comprising heating the 
permeable formation with the heater element to prodi^ce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 

5287. The method of claim 5270, wherein a minimum jperbifiz^tion temperature is about 
75 °C. 

5288. The method of claim 5270. wherein Mobilizing the/Ky<drocarbons within the 
selected mobilization section comprises reducing a viscosity/of the hydrocarbons. 

5289. The method of claim 5270. whe/ein the provided gas comprises carbon dioxide. 

5290. The method of claim 5270, wherehr ;he provided gas comprises nitrogen. 

529 L The method of claim 5270, further comprising/controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled. 



5292. The method of clapi 5270, further comprising^controlling a pressure of the 
provided gas such that mc flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is above about 2 bar absolute. 

5293. The methodf of claim 5270, further comprising controlling a pressure of the 
provided gas sucn that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is below about 70 bar absolute. 
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5294. A method of treating a hydrocarbon containing permeabl^ formation in situ, 
comprising: 

providing heat from one or more heat sources to at lea£t one portion of the 
permeable formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; / 

controlling the heat from the one or more heat sources-such that an average 
temperature within at least a majority of the sele/tecLfiiobilizatioijL section of the 
permeable formation is less than about 150°C^ 

providing a gas to the permeable forrnation, wherein th^ gas is configured to 
increase a flow of the mobilized hydpcKar^ons within the perofeable formation; 

controlling a pressure of tjrfe provided gas such thafxne flow of the mobilized 
hydrocarbons is controlled; and 

producing a mixture ^om^tWpenn 

5295. The method of claim ;529^jyherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition ouheat from the one or more heat 
sources can mobilize at least iome of the hydrocarbjons within the selected mobilization 
section of the permeable formation. 

5296. The method of ^aim 5294, wherein the one or more heat sources comprise 
electrical heaters. 

5297. The method of claim 5294, wherein the one or more heat sources comprise 
surface burners. 

5298. The method of claim 5294, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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5299. The method of claim 5294, wherein the one or more heat Sources comprise natural 
distributed combustors. / 



5300. The method of claim 5294, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5301 . The method of claim 5294, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



5302. The method of claim 5294, whereiii providing heat from the one or more heat 
sources to at least the portion of permeaWle^ormatiora comprises: 

heating a selected volume (^Tof the hydrocarbon containing permeable formation 
from the one or more heat soupdes, Wnerein the formation has an average heat 
capacity(Cv), and whereiiyhe heating pyrolyze^t/least some hydrocarbons within the 
selected volume of the /formation/ and 

wherein heapig energv/day proyfded^to/the volume is equal to or less than Pwr, 
wherein Pwr is calculated by/me eq*lation: 
Pwr - h*ty*C v *p B I 
wherein Pfyr is the npdiing energy/da^, h is an average heating rate of the 
formation, p 8 is formation bulk density, aijd wherein the heating rate is less than about 10 
°C/day. 

5303. The method of claim 5294, wherein^lowing the heat to transfer from the one or 
more heat sources to the selected mobilization section comprises transferring heat 
substantially by conduction. 



5304. The method of claim 5294, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2/bar absolute. 
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5305. The method of claim 5294, wherein producing the mixtare/From the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. 



10 



5306. The method of claim 5294, wherein producing /he mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 



formation, and wherein the production well is di^pos^i^ubstanti 
the permeable formation. 



lly horizontally within 



, P 15 



20 



25 



5307. The method of claim 5294, farther (^mprising^parping the mixture into a gas 
stream and a liquid stream. 

5308. The method of claim 5294, funher comprising separating the mixture into a gas 
stream and a liquid streap and sepaj4ti)ag the liquid sj/ream into an aqueous stream and a 
non-aqueous stream. 

5309. The method of claim 5^94, wherein the mixture is produced from a production 
well, the method further comprising heating a weljbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

53 10. The method ofrclaim 5294, wherein the mixture is produced from a production 
well, wherein a wellpore of the production well comprises a heater element configured to 
heat the permeableTormation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 



30 
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5311. The method of claim 5294, wherein a minimum mobilization temperature is about 
75 °C / 

5312. The method of claim 5294, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity pf the hydrocarbons. 

53 13. The method of claim 5294. wherein the provided gas comprises carbon dioxide. 

53 14. The method of claim 5294, wherein the provided gascomprises nitrogen. 

53 15. The method of claim 5294, wherein the^^fssure of the provided gas is above 
about 2 bar absolute. / / / 

53 1 6. The method of claim 5294/wherein the pressure of the provided gas is below 
about 70 bar absolute. / / / / 

5317. A method for treating hydrocarj^prfs in at least/a portion of a hydrocarbon 
containing formation, whereinShe-pcmion has an average permeability of less than about 
10 millidarcy, comprising: / / 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from one or more of the heat sources to a selected 
section of the formation suchythat heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
increases the permeability of at least a portion of the selected section; and 

producing a mixrure comprising hydrocarbons from the formation. 

5318. The method/of claim 53 1 7, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, aim wherein superposition of heat from at least the two heat sources increases 
the permeability of at least the portion of the selected section. 
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5319. The method of claim 53 1 7, further comprising allowing heat/o transfer from at 
least one of the heat sources to the selected section to create thern>al fractures in the 
formation wherein the thermal fractures substantially increase t)fe permeability of the 
selected section. 

5320. The method of claim 5317, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 
°C. 

5321. The method of claim 53 1 7, wherein at le^ist^one of the heat jsources comprises an 
electrical heater located in the formation. 

5322. The method of claim 53 1 7, wnereiil at least one oPme heat sources is located in a 
heater well, and wherein at least /ne of the heater wells comprises a conduit located in 
the formation, and further con^prisingyheating the^ndi/it by flowing a hot fluid through 
the conduit. 

5323. The method of claim 5^t77wherein at least £ome of the heat sources are arranged 
in a triangular pattern. 

5324. The method of claim 53 1 7, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 



5325. The method of claim 5324, wherein the pressure is controlled by a valve 
proximate to a/location where the mixture is produced. 
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5326. The method of claim 5324, wherein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the fluid is produced. / 



5327. The method of claim 5317, wherein an average distance between heat sources is 
between about 2 m to about 8 m. 

5328. A method for treating hydrocarbons in at leasf a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising: 

providing heat from one or more heat ^burces to the formation; 
allowing the heat to transfer from orfe or more of the heat sources to a selected 
section of the formation such that heat fr^iJh^'fiears&urces pyrolyzes at least some 
hydrocarbons within the selected septi^h, and wher^n heat from the heat sources 
vaporizes at least a portion opKe hWrocarbons.ir/the selected section; and 
producing a mixture composing hy^oc^rbonyfrom the formation. 

5329. The method of claim $328, y/herein/the one or more heat sources comprise at 
least two heat s6urces, and x^her£in superposition of heat from at least the two heat 
sources pyrolyzes at least/sojne hydrocarbons within the selected section of the 
formation, qnd wherei^^dperposition of heat from at least the two heat sources vaporizes 
at least the jk^ionp^the hydrocarbons in the selected section. 



5330. The method of claim 5328, (further comprising allowing heat to transfer from at 
least one of th£ heat sources to the selected section to create thermal fractures in the 

7 . vj> - 

formation, xvherein the thermal fractures substantially increase the permeability of the 
selected Section. 



5331/ The method of claim 5328, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 
°C. 
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5332. The method of claim 5328, wherein at least one of the heat Sources comprises an 
electrical heater located in the formation. / 



5333. The method of claim 5328, wherein at least one of the/heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
the formation, and further comprising heating the conduityby flowing a hot fluid through 
the conduit. 

5334. The method of claim 5328, wherein at leas^ome_of the heat sources are arranged 
in a triangular pattern. 

5335. The method of claim 5328, further comprising:, 
monitoring a composition or the produced mixtyte; and 
controlling a pressure |n at least f portio^ of ti/e formation to control the 

composition of the produce^ mixture., 

5336. The method of claim 533S; wfrerein the pressure is controlled by a valve 
proximate to a location where tHe/mixture is produced. 

5337. The method of claim 5335, wherein the pressure is controlled such that pressure 
proximate to one or more; of the heat sources is greater than a pressure proximate to a 



location where the mixture is produced. 



5338. The method of claim 5328, wherein an average distance between heat sources is 
between about 2/m to about 8 m. 



5339. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing/formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising: 
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providing heat from one or more heat sources to the formation, wherein at least 
one of the heat sources is located in a heater well; 

allowing the heat to transfer from one or more of tKe heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein/neat from the heat sources 
pressurizes at least a portion of the selected section; mid 

producing a mixture comprising hydrocarbons from the formation, wherein the 
mixture is produced from one or more heater wells. 

5340. The method of claim 5339, wherein me one or mbre heat sources comprise at 
least two heat sources, and wherejtfsuperpc/sition of heaft from at least the two heat 
sources pyrolyzes at least sorpe hydrocarbons within t^e/selected section of the 
formation. 

5341. The method e(f claim 5339, further cojdprisii/g producing fluid from at least one 
heater well in whion is positioned/he heat/source ot the one or more heat sources. 



5342. The methfod of claim 5339,/further comprising allowing heat to transfer from at 
least one of the Heat sources /o^the selected section to create thermal fractures in the 
formation, whereiI^the-th6^nal fractures substantially increase the permeability of the 
selected section. 



5343. The method of claim 5339, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 

°C. 

5344. The method of claim 5339, wherein at least one of the heat sources comprises an 
electrical heater located in the formation. 



5345. Tne method of claim 5339, wherein at least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
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the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 



5346. The method of claim 5339, wherein at legist some of the heat sources are arranged 
in a triangular pattern. 

5347. The method of claim 5339, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure in at least ^/pqrtion^of the formation to control the 

composition of the produced mixture^ 

5348. The method of clainv5347, \yherein the'jSressure is controlled by a valve 
proximate to a location Adhere the rriixtureJ^s p/oduced. 



5349. The method of claim 534^7, vs^erein/the pressure is controlled such that pressure 
proximate to ode or more of th^ h0at sources is greater than a pressure proximate to a 
location where the mixture is/produced. 



5350. TW 
between a 



method of cU#n 5339 wherein an average distance between heat sources is 
tout 2 m to' ab^ut 8 m. 



5351. A method for /rearing hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising: 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from one or more of the heat sources to a selected 
first section of the formation such that heat from the heat sources creates a pyrolysis zone 
wherein at least some hydrocarbons are pyrolyzed within the first selected section, and 
allowing the heat to transfer from one or more of the heat sources to a selected second 
section of/the formation such that heat from the heat sources heats at least some 
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hydrocarbons within the selected second section to a tempepture less than the average 
temperature within the pyrolysis zone; and 

producing a mixture comprising hydrocarbons fpfem the formation. 



5352. The method of claim 5351, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the at least two heat 
sources pyrolyzes at least some hydrocarbons wijmin the selected first section of the 
formation, and wherein superposition of heat fr6m the at least two heat sources heats at 
least some hydrocarbons within the selected ^econd section to a temperature less than the 
average temperature within the pyrolysis zo^ 



5353. The method of claim 5351, whe 
selected second section flow into the pyrolysis z< 




e heated hydrocarbons within the 



5354. The method of cl^fm 5351/ wherein the heat decreases the viscosity of at least 
some of the hydrocarbons in the/selepted second section. 



5355. The memod of clain^5^5 1 , further comprising allowing heat to transfer from at 
least one of the neat solves to the selected first section to create thermal fractures in the 
formation, wherein the Jnermal fractures substantially increase the permeability of the 
selected first section. 

\ 

5356. The method of claim 5351, further comprising allowing heat to transfer from at 
least one of the bfeat sources to the selected second section to create thermal fractures in 
the formationywherein the thermal fractures substantially increase the permeability of the 
selected secc/nd section. 



5357. The method of claim 535 1, wherein the heat is provided such that an average 
temperature in the selected first section ranges from approximately about 270 °C to about 
375/c. 
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5358. The method of claim 535 1 , wherein the heat is provided such that an average 
temperature in the selected second section ranges from approximately about 1 80 °C to 
about 250 °C. / 



5359. The method of claim 535 1, wherein a viscosity of at least some of the 
hydrocarbons in the selected second section ranges ftym approximately about 20 
centipoise to about 1000 centipoise. 

5360. The method of claim 535 1, wherein at le^st one of the heat sources comprises an 
electrical heater located in the formation. 

5361. The method of claim 535 1, whpr€n/at least one oflthe heat sources is located in a 
heater well, and wherein at least orie of tne heater wellsx^mprises a conduit located in 
the formation, and further cojarfprising l/eating the cpndjait by flowing a hot fluid through 
the conduit. 



5362. The method of claim 535 Y, fuitfier comprising: 

monitoring a/compositicm/di the produced mixture; and 
controlling a pressur^n at least a portic/n of the formation to control the 

composition of the produced mixture. 



5363. The method of claim 5362, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5364. The method of claim 5362, wherein the pressure is controlled such that pressure 
proximate to on^or more of the heat sources is greater than a pressure proximate to a 
location wher0he fluid is produced. 



5365. Thef method of claim 5361, wherein the pressure in the selected second section is 
substantially greater than the pressure in the selected first section. 
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5366. The method of claim 5351, wherein at least some of 
in a triangular pattern. / 



ie heat sources are arranged 



5367. The method of claim 5351, wherein an average distance between heat sources in 
the selected first section is less than an average distance between heat sources in the 
selected second section. 

5368. The method of claim 5351, wherein tiie heat is provided to the selected first 
section before heat is provided to the selected second section. 

5369. The method of claim 535 1, wl^er^inrlhe seleqted first section comprises at least 
one production well. 

5370. The method of claim 5351 , wherein mi^erage distance between heat sources in 
the selected first section is between about/2 m to about 10 m. 

5371. The method of claim 5351,;wherem an average distance between heat sources in 
the selected second sectipn is between about 5 m to about 20 m. 

5372. The method ^Fclaim 535 1 , whprein the selected first section comprises a planar 
region. 

5373. The metkod of claim 535 1 , wherein at least one row of the heat sources provides 
heat to the planar region. 

5374. The method of claim 5373 wherein a length of a row is between about 75 m to 
about 125 m. 

537x The method of claim 5372, wherein the planar region comprises a vertical 
hyaraulic fracture. 
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5376. The method of claim 5375, wherein a width of the vertical hydraulic fracture is 
between about 0.3 cm to about 2.5 cm. / 

5377. The method of claim 5375, wherein a length of the vertical hydraulic fracture is 
between about 75 m to about 125 m. / 

5378. The method of claim 5351, wherein at least one Ping comprising the heat sources 
provides heat to the selected first section. / 

5379. The method of claim 5378, wherein at least one ring comprising the heat sources 
provides heat to the selected second section. / ^<^~\ 

5380. The method of claim 5378, wh^in/ihe ring cormmses a polygon. 

5381. The method of claim 5578, wherein the ring >comprises a regular polygon. 

5382. The method of claim 5378, wherein the ring comprises a hexagon. 

5383. The method or claim 537^8; wherein the ring comprises a triangle. 

5384. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wperein the portion has an average permeability of less than about 
10 millidarcy, comprising: 

providing heat from three or more heat sources to the formation; 

allowing the heat to transfer from three or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and at least three of the heat sources are 
arranged in a/substantially triangular pattern; and 

producing a mixture comprising hydrocarbons from the formation. 
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5385. The method of claim 5384, wherein superposition of heat from aft least the three 
heat sources pyrolyzes at least some hydrocarbons within the selecteca section of the 
formation. / 

5386. The method of claim 5384, wherein the mixture is produced from a production 
well located in a triangular region created by at least three Weat sources. 

5387. The method of claim 5384, further comprising flowing heat to transfer from at 
least one of the heat sources to the selected section w create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected section. J 

5388. The method of claim 5384y^herein tne heat is Divided such that an average 
temperature in the selected section ranges /rom approximately about 270 °C to about 375 
°C. / / / 1 

5389. The method of claim 5384, Wheptfin at leasyone of the heat sources comprises a 
electrical heater located in the formation. / 

5390. The method of claim S384, wherein at least one of the heat sources is located in a 
heater well, and wherein at l^ast one of the heater wells comprises a conduit located in 
the formation, and further/comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

539 1 . The methocr of claim 5384, wherein at least some of the heat sources are arranged 
in a triangular panern. 

5392. The tnethod of claim 5384, further comprising: 
mc/nitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture. 
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5393. The method of cteim 53S^whereiiMhe pressure is controlled by a valve 
proximate to a locatk5n where/fhe mixture is produced. 



5394. The ptfethod of claim 539% wherein the pressure is controlled such that pressure 
proximate/to one or inore of/fne/neat sources is greater than a pressure proximate to a 
locatioiywhere the flui<Lrs proauced. 

5395. \Jhe fo&mod of claim 5384, wherein an average distance between heat sources is 
between about 2 m to about 8 m. 
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